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Evaluation of the Vesicating Properties of Neutralized 
Chemical Agent Identification Sets 

1.   INTRODUCTION 

The U.S. Army Program Manager for Chemical Demilitarization (PMCD) has been 
designated as the single agency within the Department of Defense (DoD) to destroy all chemical 
warfare-related materiel. Destruction of chemical weapons which are part of the unitary 
stockpile is the responsibility of the Project Manager for Chemical Stockpile Disposal (PMCSD). 
The demilitarization/destruction of non-stockpile chemical materiel (NSCM), among those items 
are Chemical Agent Identification Sets (CAIS), is the responsibility of the Project Manager for 
Non-Stockpile Chemical Materiel (PMNSCM). CAIS may contain agent in chloroform (HD, 
HN or L), agent (HD, HN or L) adsorbed on charcoal, and agent (HD) in neat form - all packed 
in glass ampules. CAIS may also contain miscellaneous materiel/industrial chemicals. CAIS 

were declared obsolete in 1971. 

The PMNSCM is developing the Rapid Response System (RRS) for processing CAIS. 
The RRS is a system of trailer-mounted equipment designed to support on-site characterization 
and primary treatment of recovered CAIS. The system is designed for unpacking, identification 
of chemicals, segregation of CAIS components, neutralization of the chemical agents, 
repackaging of industrial chemicals. The chemical agent wastes and repacked industrial 
chemicals will be provided to a hazardous waste treatment, storage, and disposal facility (TSDF) 
for ultimate disposal. 

The RRS is designed to provide a safe and environmentally secure work area to 
chemically treat mustard and lewisite agents, and to repackage industrial chemicals. The 
containers of neutralized mustards and lewisite, dunnage, neutralents, and the repacked industrial 
compounds will be transferred to a TSDF for disposal. It should be noted that the primary 
objective of the RRS chemical neutralization process is to convert CAIS chemical agents to less 
toxic products to niinimize the health hazard associated with the handling and transportation of 
demilitarized non-stockpile chemical materiel. Given the chemistry and toxicity characteristics 
of the chemical agents/degradation products, and the reactants used in the neutralization process, 
the wastestreams designated for transportation to TSDFs are expected to be complex mixtures 
exhibiting various degrees of acute dermal toxicities such as irritation; however, other skin- 
injurious effects (i.e. vesication) are possible. 

In preparation for the RRS test to be conducted at Deseret Chemical Depot, Utah, the 
PMNSCM has conducted dermal toxicity evaluations (vesication testing) of wastestreams 
resultant from the chemical neutralization of CAIS to determine reduction of agent and/or agent 
degradation product vesicancy. This document is a synopsis of a technical report (Olson et al, 
1997) on results of vesicancy studies conducted in hairless guinea-pigs. 
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1.1      PROCESS OVERVIEW 

Process chemistry developed for chemical agent "detoxification", referred to as the 
neutralization process, focused on chemical methods that were capable of converting chemical 
agents to products/by-products with marked reduction in agent characteristics (i.e. vesication). 
Thus, chemical neutralization processes were sought which: (1) achieved process simplicity, (2) 
resulted in marked reduction in agent characteristics, and (3) generated wastestreams having 
reduced toxicity characteristics that can be handled and disposed of in a manner similar to 
industrial chemicals and/or wastes. The process combines chemical agent(s) with a treatment 
solution, and oxidizing chemical dissolved in an organic/aqueous solvent mixture. The final 
product of the chemical neutralization process (wastestream) is a complex mixture composed of 
reaction products, by-products, unreacted excess reactants, and residual chemical agent(s). 

A moderate oxidizing agent, 1,3-dichloro-5, 5-dimethylhydantoin (DCDMH),was used in 
all RRS process chemistries. The reaction conditions varied depending on stoichiometry, 
sequence of addition of reacting mixtures, and physical condition of the chemical agent - whether 
neat, dissolved in chloroform, or adsorbed on charcoal. 

In the nomenclature of the RRS, chemical treatment of neat HD with DCDMH in 
organic/aqueous solvent is referred to as the modified "Blue" process. Chemical neutralization of 
dilute chloroform solutions containing HD, HN-1 or L with DCDMH in organic/aqueous solvent 
is identified as the modified 'Red" process. Chemical neutralization of HD, HN-1 or L adsorbed 
on charcoal with DCDMH in organic/aqueous solvent is referred to as the "Charcoal" process. 
Toxicity characteristics of wastestreams resulting from these neutralization reactions were 
expected to differ from those of chemical agents and/or severe irritant oxidant/solvent systems 
used in these reactions. Consequently, the changed toxicity characteristics of the resultant 
wastestreams are primarily attributed to reduction in the concentration of chemical agent(s). 
However, the vesicancy potential of the wastestreams would depend on the degradation 
product(s) profile - presence of vesicating moieties such as HD sulfone and divinyl sulfone. 

1.2 STUDY PLAN 

Evaluation of the vesicancy potential of neutralized CAIS was conducted using a validated 
animal model (hairless guinea-pig) to assess vesication. Animals were dosed with test article, and 
treated skin evaluated for microblister formation using light microscopy. The objective was to 
determine the efficacy of the neutralization process in reducing the vesicating properties of agent 
(HD, HN or L) as well as forming product solutions with minimal vesicant potential. 

14 



2.        Materials and Methods 

2.1      Chemicals 

2.1.1   Agents 

Sulfur mustard [2,2'-dichlorodiethyl sulfide (HD), CAS #505-60-2] furnished from 
Medical Research and Evaluation Facility (MREF) stocks was used neat (undiluted) as a positive 
control article for vesication1. Lewisite [dichloro-2-chlorovinyl arsine (L)] CAS #541-25-3 was 
also furnished from MREF stock. U.S. Army Edgewood Research, Development and 
Engineering Center (ERDEC) provided a 20 percent solution of nitrogen mustard [bis (2- 
chloroethyl) ethylamine (HN-1), CAS #538-07-8] in chloroform. Ten percent solutions of HD, 
HN-1, or L in chloroform (Pretreated - CAIS which also served as control articles in the Phase II 
portion (dose-ranging) of the vesication studies) were prepared at the MREF laboratory and 
evaluated for vesicant activity and other histopathology following dermal application. 

2.1.2   Chemical Agent Identification Sets (Synthesized) 

Actual ampules from CAIS kits were not used; however "CAIS components" were 
prepared from agent stocks to contain 10 percent agent in chloroform (Chatfield, et al. 1995). 
Chemical Agent Standard Analytical Reference Material (CASARM) grade HD CAS# 505-60-2 
(97.5 mole %), nitrogen mustard [bis (2-chloroethyl) ethylamine (HN-1)] CAS #538-07-8 (*97% 
by weight), and CASARM grade lewisite [dichloro-2-chlorovinyl arsine (L)] CAS #541-25-3 
(97.8 % by weight) from stocks maintained by the Operations Directorate, ERDEC were used in 
the preparation of synthesized CAIS. CASARM for HN-1 is not available. 

2.1.3   Neutralized Chemical Agent Identification Sets (Wastestreams) 

Wastestreams were provided by ERDEC, Aberdeen Proving Ground, MD. Wastestreams 
from the chemical neutralization of "CAIS components" prepared from agent stocks were tested 
for vesicancy potential. These wastestreams were prepared by ERDEC as follows: 

'The chemical agents found in CAIS include sulfur mustard, nitrogen mustard, or lewisite.  Sulfur mustard was used as 
representative vesicant for these blistering agents. 
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- Wastestreams from the neutralization of neat HD with l,3-dichloro-5,5- 
dimethylhydantoin (DCDMH) in CHCl3/t-BuOH/3% H20  ("Blue" process). 

- Wastestreams from the neutralization of 10% HD, HN, or L (agent in CHC13) with 
DCDMH in CHCl3/t-BuOH/3% H20   ("Red" process). 

- Wastestreams from neutralization of HD, HN, or L (agent on charcoal) with DCDMH 
in CHCI3 (HD, HN samples) and with DCDMH in CHCl3/t-BuOH/3% H20 (L sample) 
("Charcoal" process). 

_ 2 3 
Two wastestreams ("archived" and "fresh") were prepared for each process - "Blue", 

"Red", and "Charcoal" - and samples sent to the MREF for analysis of agent content and for 
vesicancy testing. The stability of the wastestreams under conditions of administration were not 
determined by MREF personnel. Test articles were "archived" and "fresh" "Blue", "Red", and 
"Charcoal" wastestreams. 

2.1.4   Neutralization Solution 

Neutralizing solution was prepared at the MREF to determine the effect on the skin of 
dosing this solution alone. For testing vesicating potential, a 0.555M l,3-dichloro-5,5- 
dimethylhydantoin (FW 197.02) control article neutralizing solution was prepared by adding 
10.9g DCDMH to a 50:50 tertiary butanohchloroform with 3 percent water solution in a 100-mL 
volumetric flask and adding sufficient volume of the butanol/chloroform/water solution to bring 
the volume to the 100-mL mark. DCDMH (CAS #1.18-52-5) was purchased from Aldrich 
Chemical Company (St. Louis, MO). Chloroform (CAS #67-66-3; GC/Spectro grade) was 
purchased from Burdick and Jackson (Muskegon, MI), and tertiary-butyl alcohol (CAS #75-65- 
0; ACS Reagent grade) from J.T. Baker (Phillipsburg, NJ). Distilled water was further purified 
using a Millipore (Bedford, MA) reverse osmosis system. 

2.2       Chemical Neutralization of CAIS 

RRS chemical neutralization technologies were developed for neutralization of chemical 
agents HD, HN and L. The primary objective was to develop processes that convert chemical 
agents to products/by-products that do not exhibit the highly toxic properties of the agents. 
Additionally, it was desirous to also reduce agent characteristics (i.e. vesication) of the final 
product solution (wastestream).   However, reduction in vesication is not considered a 

2 
"Archived" "Blue" and "Red" wastestreams were initially analyzed at ERDEC (Oct 95) and 

re-analyzed for agent residual at the MREF and tested for vesicancy (March 96; August 96). "Charcoal" 
wastestream initially analyzed at ERDEC (Nov 95) was re-analyzed and test for vesicancy at the MREF 
(March 96; August 96). 

3 
"Fresh" wastestreams were prepared and initially analyzed at ERDEC (June 96) and re- 

analyzed and tested for vesicancy at the MREF (June 96; August 96). 
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requirement per the Hazardous Materials Regulations (HMR). All process chemistries used 1, 3- 
dichloro-5, 5-dimethylhydantoin (DCDMH) as neutralizing reagent. The solvent system used in 
the process chemistries was CHCl3/t-BuOH/3% H20). Formulations of treatment reagent/solvent 
systems for the chemical neutralization of CAIS are presented in Table 1. The principal 
differences in the chemical composition of wastestreams, originating from the RRS process 
chemistry, are primarily due to the physichochemical characteristics of the reactants hi the 
reaction mixtures and the agent undergoing chemical treatment. In the presence of oxidizing 
agent (DCDMH), the chemical agent(s) undergo oxidation, chlorination, substitution, and/or 
elimination reactions to yield a mixture of products/by-products. Depending on volume, 
composition, and reaction conditions ~ residual chemical agent, products/by-products, and 
varying amounts of unreacted excess DCDMH may also be present in the wastestreams (Olajos et 
al, 1996). 

TABLE 1.   OXIDEER/SOLVENT SYSTEM STOICfflOMETRY UTILIZED IN THE 
MODIFIED "BLUE", "RED", AND "CHARCOAL" PROCESS 
CHEMISTRIES 

1 volume of neat HD treated with 20 volumes of 0.555M l,3-dichloro-5,5-dimethylhydantoin (DCDMH) in 
CHCtyt-butanol (50/50) with 3% water by volume ("Blue" Process). 

1 volume of each 10% HD in CHC13,10% HN in CHC1„ and 10% L in CHC13 treated with 4 volumes of 
0.555M l,3-dicMoro-5,5-dmiemylhydantoin (DCDMH) in 50/50 CHCl3/t-butanol with 3% water by volume 
("Red" Process). 

45% by weight HD and HN-1 on charcoal treated with excess 13-dichloro-5,5-dimethylhydantoin in CHC13 

combined with 43% by weight L with excess l,3-dichloro-5,5-dimethylhydantoin in CHCljA-butanol (50/50) 

with 3% water by volume ("Charcoal" Process). 

2.3    Analytical Methodologies 

2.3.1   GC-MS Spectroscopy 

Chemically-treated (neutralized) CAIS were analyzed for agent residue levels using full 
scanning gc-ms spectroscopy. GC-MS spectroscopy was conducted at ERDEC on all 
wastestreams provided to the MREF, and confirmatory gc-ms analysis was also performed at the 
MREF prior to conducting the bioassays. 

Instrumentation used in the ERDEC analysis of "archived" wastestreams (non-quenched 
samples) was a Hewlett-Packard 5989B MS engine with Chemstation Data System. Analyses 
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conducted at both ERDEC and the MREF on "fresh" wastestreams, using quenching and 
derivatization techniques, utilized a Hewlett-Packard Model 5970B Mass Selective Detector 
(MSD) with an HP 5890A GC and HP 61034 CMS. For procedural details, the reader is referred 
to Lucas (1997), Lucas (1996), as provided in the report by Olson et al 1997, and Rosso (1995), 
as provided in ERDEC-TR-372 (Olajos, et al. 1996). Quantitäten was based on internal 
standardization (internal standard = 1,2,4, 5-tetrachlorobenzene). Calibration standards were as 
follows: HD (purity 97.%%), HN-1 (purity (96.5%), and L (purity 97.8%). 

Product identification of the CAIS wastestreams (archived) was accomplished using 
GC/MS spectroscopy (El and CI modes). These studies were performed at ERDEC per 
procedures described by Rosso and co-workers (Rosso et al. 1995) and documented in the report 
by Olajos et al. (Olajos et al. 1996). 

2.3.2   NMR Spectroscopy 

Nuclear magnetic resonance (nmr) spectroscopy analyses of "fresh" wastestreams were 
conducted at ERDEC as an adjunct to gc-ms analyses. These analyses were performed using a 
Varian Fourier Transform (FT) nmr spectrometer operated at 200 MHZ for 'H observation and at 
50 MHZ for 13C observation. Quantitative data were obtained by digital integration of peak 
areas. 

2.4     Vesicancy Testing 

2.4.1    Experimental Design 

Studies were conducted which utilized a validated animal model to assess agent-induced 
vesication of skin (Marlow et al, 1990 and Mershon et al, 1990). Microblister formation in the 
hairless guinea-pig is analogous to the changes seen in humans (Papirmeister et al, 1984).   The 
degree of vesication was assessed before and after neutralization of agents. 

Thirty-five male, hairless guinea-pigs were used in a multiphase study (Phase I analytical; 
Phase II dose-range; Phase III vesicant assessment of wastestreams) to ascertain the vesicant 
potential of sulfur mustard (HD), agent/chloroform solutions, and product solutions 
(wastestreams) from chemically-neutralized CAIS. A synopsis of the experimental design is 
given in Table 2. 

Phase II. Experiments were conducted to ascertain the biological effects of dosing 
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volume and exposure duration, the uniformity and reproducibility of responses, and the skin- 
injurious effects of oxidant/solvent solution. Eleven animals were dermally dosed with neat HD 
(1 ul) and with 10 percent agent (HD, HN or L) in chloroform. Dosing volumes ranged from 5 to 
50 ul, and exposure times were 1 or 2 hour durations. Five guinea-pigs were treated with 
oxidant/solvent solution. The exposed skin was examined 24-hr post-exposure for presence of 
gross and microscopic changes. 

Phase III. This phase was designed to ascertain the vesicant potential of neutralized CAIS 
("archived" and "fresh" wastestreams) and that of agent/chloroform solutions. The exposed skin 
was examined 24 hours after "test article" application for presence of skin-injurious effects 
(gross and microscopic). 

2.4.2   Care and Treatment of Animals 

A total of 35 male (approximately 200-350 g and 3 to 4 weeks of age upon receipt), 
euthymic hairless guinea-pigs (Crl:IAF (HA)-hr BR), procured from Charles River Laboratories 
(Wilmington, MA; animals supplied from Portage, MI facility), were used in this study. Animals 
were quarantined and screened for general condition and health status, and were maintained in a 
program accredited by the Association for the Assessment and Accreditation of Laboratory 
Animal Care (AAALAC) International. Ear tags were applied to maintain positive identification, 
and animals were maintained between approximately 64 and 79 degrees F and 40 to 70 percent 
relative humidity with a 12-hr diurnal light cycle. Food and water were provided ad libitum and 
animals were housed individually in polycarbonate cages prior to exposure to "test article". 
Following treatment, animals were housed individually within a chemical fume hood during the 
24-hr post-exposure period. Following recovery from anesthesia, animals were given food and 
water. 

Animal Preparation and Dosing 

Initially using 6 mg xylazine hydrochloride and 35 mg ketamine hydrochloride per kg of 
body weight given intramuscularly and increasing this to 13 mg xylazine and 87 mg ketamine/kg 
following the first day of dosing, anesthetized guinea-pigs were dosed topically on both sides of 
the dorsal midline with "test articles" (six to eight exposure sites/animal) - see Fig 1. Table 2 
presents a synopsis of treatments, application volumes, and exposure durations. Approximately 
24 hours after dosing, the animals were again anesthetized, sites evaluated for erythema and 
edema and lesion size, and animals then sacrificed with an inhalation anesthetic (halothane) 
overdose. Following euthanasia skin samples were collected and processed for histopathology. 
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2.5    Histopathologic Analysis 

Following euthanasia, skin from the dosed sites was taken and placed in buffered 
formalin. After fixation, embedding, and sectioning, skin samples were stained with 
hematoxylin and eosin (H&E) and evaluated for histopathology. Histopathologic lesions 
(microblisters, epidermal necrosis, follicular necrosis, dermal necrosis, vascular necrosis, 
hemorrhage, and pustular epidermitis) were graded on a scale of 0-4, where 0 = normal, 1 = 
minimal, 2 = intermediate, 3 = moderate, 4 = severe. Definitions for scoring histopathology and 
the criteria for grading severity of lesions are summarized in Table 3. The grading of 
microblister formation is highlighted in Table 4. 

2.6     DATA ANALYSIS 

For chemistry data generated in Phase I, means and standard deviations of responses of 
each control standard were determined to calculate both the inter- and intra- variability of the 
analytical method. Calibration performance characteristics for each analyte, such as slope and 
standard error of the slope, R2 (measure of fit about the regression line), method detection limits, 
and quantitation limits were calculated. 

For Phase III data (vesicating assessment of wastestreams), statistical hypothesis tests 
were conducted at the 5 percent significance level to determine whether or not the neutralization 
process reduced the vesicating property of agents contained in CAIS. For each CAIS sample, the 
incidence of microblisters at sites treated with CAIS agent(s) were compared to those of 
contralateral sites treated with the wastestream. Although incidence of microblisters was the 
primary endpoint for evaluating the efficacy of each neutralization process, analyses were also 
conducted on other indices of skin injury (gross and microscopic). To accommodate the intra- 
animal correlation of multiple measurements made on the same animal, McNemar's test was used 
to analyze quantal data (Agresti, 1990). Analysis of variance (ANOVA) models, that include 
random effects for animal, were fitted to continuous data. If data were not approximately 
normal, ANOVA were conducted on transformed data, or nonparametric or categorical methods 
of analysis were performed. 
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TABLE 4. DEFINITION OF DEGREES OF SEVERITY USED FOR 
fflSTOPATHOLOGIC EVALUATION OF VESICATION (MICROBLISTER 
FORMATION') 

Lesion Characteristic Degree of Severity 

m No lesion (unaffected) 0 (normal) 
m One or a few isolated areas of detachment 1 (minimal) 
m Many small areas of detachment or several larger areas of detachment 2 (intermediate) 
■» >50% of the epidermis in tissue section is detached from the dermis 

(much larger space between basal cells and dermis) 
3 (moderate) 

■» Nearly all the epidermis is separated from the dermis 4 (severe) 

a Microblister: loss of epidermal basal cell attachment to underlying basement membrane of at least two 
adjacent cells. Loss of attachment creates a space. 

3.        Results 

3.1      Chemistry 

Nitrogen mustard, sulfur mustard, and lewisite are components of CAIS that were 
chemically neutralized ("detoxified") on reaction with treatment reagent (1,3-dichloro-5, 5- 
dimethylhydantoin). The selection of a particular process chemistry (designated as "Blue", 
"Red", or "Charcoal" process) was dependent on whether the agent was neat material (HD), in 
solution (agent in chloroform), or adsorbed on charcoal, The DCDMH-mediated neutralization 
of sulfur mustard resulted in HD concentrations below 50 ppm in "Blue" process wastestream 
(product solution). Chemical treatment resulted in the conversion of sulfur mustard to HD 
sulfoxide degradation products (Further oxidation to sulfone was also a possibility under 
conditions via neutralization by DCDMH). Secondary reactions (i.e. elimination/substitution) 
also occurred that produced chlorinated and vinyl sulfoxides. The neutralization reaction 
between oxidant and CAIS containing agent (HD, HN or L in chloroform - "Red" process) 
resulted in complex product solutions containing various products/by-products and residual 
amounts of unreacted agent. The process chemistry for neutralization of CAIS components 
containing agent (HD, HN or L) on charcoal ("Charcoal" process), also resulted in the formation 
of complex product solutions. Residual amounts of agent were detected. Details pertaining to 
the process chemistry and analyses have been reported in detail (Olson et al, 1997 and Lucas, 
1997). 

The "archived" wastestreams were additionally analyzed for product/by-product 
composition. HD sulfoxide and other degradation products resultant from secondary reactions 
(e.g. elimination, substitution) were detected in wastestream samples. HD sulfone and/or its 
vinyl containing derivatives, which are known vesicants, were not detected in the "Blue" process 
wastestream. Product analyses did not reveal HD sulfone or vinyl/divinyl analogs in the product 
solution obtained from the chemical neutralization of CAIS containing agent in chloroform 
("Red" process). Product characterization of the "Charcoal" wastestream did not reveal HD 
sulfone; however, multichlorinated vinyl containing derivatives (non-vesicant) were present in 
the product solution. 



3.2     Dermal Effects 

3.2.1    Gross Pathologic Findings 

Phase II. All skin exposures to HD and agent/chloroform solutions containing 10 percent 
HD, HN or L resulted in gross skin lesions consisting of well-defined areas of edema and 
erythema of moderate to severe intensity. In some instances, large areas of ulceration with 
complete loss of the covering epidermis was evident. The skin-injurant effects of HN and L were 
comparable to that produced by HD (refer to Table 5 and Appendix A). The skin-injurious effect 
of oxidant/solvent solution was minimal gross lesions (refer to Table 5 and Appendix A). 

Phase III. The cutaneous injury (non-vesicant) effects after one hour exposure to HD, 
agent/CHCl3, or CAIS wastestreams ("archived" and "fresh") were evaluated and are 
summarized in Table 6. Individual gross pathology data are presented in Appendix A. All agent- 
dosed sites demonstrated gross lesions. Wastestream-induced dermal injury resulted in mild to 
moderate degrees of erythema and edema. 

3.2.2   Histopathologic Findings 

Phase II. Two hour dermal exposures of animals to neat HD (1 ßL) and to various doses 
(5 - 50 AIL) of agent/chloroform solutions containing 10 percent HD, HN or L resulted in 
microblister formation of intermediate to severe intensity - refer to Table 7. Incidence of 
histopathologic changes are summarized in Table 8. In some animals, large areas of ulceration 
with loss of epidermis prevented the occurrence of microblisters. Individual animal 
histopathology data are presented in Appendix B. Based on the outcome of the two-hour 
exposure studies, other guinea pigs were dosed with 5 and 10 ßL volumes of 10 percent agent in 
chloroform solutions and with neat HD (1 ßL) at an exposure duration of one hour. Microblister 
formation was evident at all sites, unless occurrence was precluded by development of an ulcer, 
and ranged in severity from moderate to severe. The application of 5 ßL of 10 percent 
agent/chloroform solution resulted in microblisters of at least intermediate severity. Refer to 
Table 7 for incidence/response summary and Appendix B for individual histopathologic findings. 
The oxidant/solvent system was also evaluated for skin effects. Animals treated with 
oxidant/solvent solution did not manifest dermal lesions other than minimal inflammatory cell 
infiltration - refer to Table 8 and Appendix B. 

Phase III. Twenty-four animals comprising Phase III of the study were treated with 
"neutralized" CAIS to ascertain the vesicating potential of chemically degraded CAIS. 
Incidence/response data related to microvesication are summarized in Tables 9,10, and 11. A 
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TABLE 5.   PHASE II - SKIN REACTION (ERYTHEMA AND EDEMA) FOLLOWING 
EXPOSURE TO HD, AGENT/CHCL3 SOLUTIONS, AND OXID ANT/SOLVENT 
SOLUTION 

Experiment 
Date/ 

Animal ID 
Test 

Article 

Uose 
Volume 

(uL) 

lime to 
Decontamination 

(hr) 

No.oi 
Animals 
Tested 

brythema 
Score, 
Mean 

Edema Score, 
Mean 

02/19/96 
(301, 305) 

10%L/CHC13 10 2 2 3.0 3.0 

10%L/CHC13 50 2 2 3.0 3.0 

10%HN/CHC13 10 2 2 2.0 2.0 

10%HN/CHC13 50 2 2 2.0 2.0 

10%HD/CHC13 10 2 2 2.0 2.0 

10%HD/CHC13 50 2 2 2.5 2.0 

Neat HD 1 2 2 2.0 2.0 

02/21/96 
(306,309) 

10%L/CHC13 5 2 2 2.5 3.0 

10%L/CHC13 10 2 2 2.5 3.0 

10%HN/CHC13 5 2 2 2.0 2.0 

10%HN/CHC13 10 2 2 2.0 2.5 

10%HD/CHC13 5 2 2 3.0 3.0 

10% HD/CHC13 10 2 2 2.0 2.0 

Neat HD 1 2 2 2.0 2.5 

02/27/96 
(312,316) 

10%L/CHC13 5 2 3.0 3.0 

10%L/CHC13 10 2 3.0 3.0 

10%HN/CHC13 5 2 2.0 2.5 

10%HN/CHC13 10 2 2.0 2.0 

10%HD/CHC13 5 2 3.0 2.0 

10%HD/CHC13 10 2 2.5 2.0 

Neat HD 1 2 3.0 2.5 

03/05/96 
(311,313, 
315,317, 

324) 

10%L/CHC13 5 5 3.0 2.8 

10%HN/CHC13 5 5 1.8 2.0 

10%HD/CHC13 5 5 2.4 2.4 

Neutralizing 
Solution 

20 5 0.0 1.0 

Neat HD 1 5 2.4 2.6 
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summary of histopathologic changes, including vesication, is presented in Tables 12 and 13. 
Individual histopathology data appear in Appendix B. Eight animals were dosed with "archived" 
wastestreams, agent/chloroform solutions, and neat HD. Guinea-pigs dosed with HD and 
agent/chloroform solutions demonstrated at least minimal microvesication along with consistent, 
marked epidermal and follicular necrosis. The "Blue" process wastestream ("archived"; 25 ßL 
application) resulted in intermediate to severe microblisters and severe epidermal necrosis at all 
sites dosed (refer to Tables 9 and 13 and Appendix B). The impression of the pathologist reading 
the slides was that lesions did not appear to be "basal cell specific", as chemical blistering agents 
appear to cause, nor did the lesions resulting from application of the "Blue" wastestream 
penetrate deeply enough to cause severe necrosis in the follicular epithelium. A 
photomicrograph representative of the morphologic changes observed following treatment with a 
vesicant is shown in Figure 2a, and one demonstrating the appearance of normal hairless guinea 
pig epidermis is shown in Figure 2b. The morphologic changes seen consist of ballooning 
degeneration and loss of epidermal basal cell attachment to the underlying basement membrane. 
Neither "Red" nor "Charcoal" process wastestreams ("archived"; 25 ßL application) produced 
microblisters (Tables 9 and 12). The "Red" process wastestream produced only minimal pustular 
epidermitis or minimal epidermal necrosis (refer to Table 12 and Appendix B). The "Charcoal" 
process wastestream ("archived"; 25 ßL application) killed some surface epithelial cells (minimal 
to intermediate epidermal necrosis) but did not penetrate to basal cells - refer to Table 12 and 
Appendix B. Four guinea pigs were dosed with 10 ßL of "Blue", "Red", and "Charcoal" process 
wastestreams ("archived") and evaluated for dermal effect. The "Blue" process wastestream 
induced microblisters whereas the "Red" and "Charcoal" process wastestreams did not elicit 
microblister formation. The findings are highlighted in Table 10. Histopathology findings are 
summarized in Tables 12 and 13, and individual histopathology data are presented in Appendix B. 

"Fresh" wastestream-induced skin effects were also evaluated. Data on microvesication 
are presented in Tables 11,12 and 13, and other histopathologic skin effects data are given in 
Tables 12 and 13. Individual animal histopathology results are presented in Appendix B. All 
agent-dosed sites (neat HD and agent/chloroform solutions) and all "Blue" process wastestream 
sites demonstrated histopathologic lesions including microvesication. In "fresh" "Red" process 
wastestream-dosed animals, minimal to no lesions were seen on histopathologic examination. 
One "Red" process wastestream site in one animal demonstrated histopathology, including 
minimal microvesication; however, this lesion was incompatible with what had been noted 
previously. The "Charcoal" process wastestream did not produce microblisters and none of the 
sites demonstrated histopathology graded more than minimal. 

Text  continues  of page  40, 

32 



Fig. 2a. Typical microblister in a hairless guinea pig 24 hours after exposure to vesicant. 
Epidermis (E) is eosinophilic and shrunken due to necrotic epithelium; dermis (D) is also 
necrotic and contains an infiltrate of polymorphonuclear cells (arrows), as does the 
microblister cavity (microvesicle). 
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Fig. 2b. Normal skin from a hairless guinea pig. Epidermis (E) and dermis (D) are visible. 
Note differences in appearance from the necrotic tissue depicted in Fig. 2a. Magnification of 
both skin photomicrographs is the same. 

34 



ä 35 

= 35 w X 25 »Off 
< »- p 
PM bü *E 

fcd 
J 
ffl 
< 

ö 

> 
u 

t/5 

X> 
P 

c & « 
es   t-   fc o 00 00 00 00 
ea   OJ   O 

CN — fS CN CN 

oo 

o 00 
00 

oo 00 oo 
00 

00 
00 

oo 
© 

ei 

00 
ON - cn CN m m © 

-3- 
CN - Tt <s •<3- o 

o\ 

o 
C1 

ON 

o. 
■<3- 

VO 
ON 
'S- 

Ov 

es 
£ 

"c  ö 

oo 
o 

«N —      ^-      Tt      ci      ©      © 

— CN Tl" •— CN © © 

*3-     m     (N     ©     © 

CN 

es 

<M       _       *fr       CN       ©       © 

©       —       TT       ©       © 

—       C1       ^       CN       ©       © 

c 
oj 
E   n. 

H ü 

3. 3. 3. 
J 
3. 
in 
CN 

es 
u 

3 

es 
OJ z. 

3. 
ir> 

3 
m 
(N u—' 
E 
es 

u 
u 
Q 

© 

u 
X u 
X 

© 

u 
u 

© 

£.        w        cn 
~        H        es 
eu 

es 

_3 

CQ 

cn 
V 
cn 
es 

u 
U 

"O 
eu 
es 

J3 
"es > . 
u 
£ = Ö  o 

cn   3 
eu — 

en 
es 

u 
'5b 

M 'S ej es 
■ti °- 

* .2 

•o   O tu « 
> -a 

•e  S 
es   O. s    £ 

!ü c  « 
2  = 

Ö -2 
cn   OT 

-T Ja 
Ö "5. 
* i o g 

g .* 
5b «» 
es T3 
_'  C Q   es 

u 
ts 
0) 

CJ 
IC 

c k. _. CJ •5 es 

? e 
CJ 

o x: 
3 en 
tn -2 
O   es 
a- E x •= 

J= OJ 
— -B 
Tj, ■*-• >»"° — s cn es 
3 . 
O    0C 

I s 
3 "O 
£ •- 
» Ja 

n-l * 
~      i- 

c/i «_| 
es   3 

12 
es   rt 

E t8 
c  >. 
es — 

o = 

es .S£ 
W > 

es 

•o 
tu ^^ ei 

cn 
u 
E U 3 SS 
O > u 
OO c 
c 

o 
O 

es 

•l-d 
p   eu 
Ä   « 

OJ    CJ 

c e o  w 
~ es 
en **- 
es O 

X> «j 

OJ   3 
^ "Ö 

^  > 
£ o 
3 *' 
en OJ °   S 

CO   ■— 

3   cn 
"° e 

o>   o 

** « 
2 N 

= 2 oj is 

^  § 
a « 
cn O 

§•2 
•s 'S 
3 <- 

"5 £ 
cn   ts 

-  .1 
X o 

^^ «"8 

'S £ 
cn « 
«j   ^ 

E   cn 
= E 
O   es 
> £ 
eot« 
C eu 

• — *J 
cn cn 
O   es 
D   & 

cn 
OJ 
U 
O 

OJ 
3 
5 

e 
es 

rs A "3   cn is 
= £ 

X § 

es "S 
a> o 
t-   ü 

1   « "£ J= 
p ° s c 

eg    ° 
OJ    o 
es - *- ^ 
C  X 
OJ 
5b Q 
£X 
** i- 

^ ä 
cn   > 

I   - 
CJ    w 

i: ^ 
a>   e« 

CJ 
CJ o 

35 



< 
p 
o» 
w 
o 

a 

K 

c .£«, m •-    fc 
9) Ü    O 

s >   u 
CU   CD 

co 

V en 
e 
o 
o. 

f)      «/->      ©      </■> 

<N       ni       ro       •— O        © 

> 
cu 

CO 

J3 o u 
u 

O 
O 

ON 
00 

00 

00 

cd 
E d 
e Z 
< 

5     5     5!     3£     5     rr 
^     ^j-     ^-     m     ©     ©" 

PI      ■v      o      ci      o      o 

CN       c*»       (N       rs       ©       o 

**>     rr     rf     —«     ©     © 

CN      m      ci      ©      ©      © 

c 
CJ 

E o. 

£ a 

3. 
o 

3. 
© 

3 
© 

3 
o 

3 
o 

U 

u 
a 
a: 
© 

U 
X u 

© 

E 
CS 
CJ 
is 

u 0) 

a: cs 
y # 
J 

© BQ 

cd 
u 
is 

3 
© 

£ 

eg 
o 
u 

3 V 
O pi 
CS 

CQ 
>* U 

X 
CS 
3 u 

"> 
CU c o o es 

"cs 
cs 
3 1 > CS 

u 
eu 
u 

> 
eu 
u 

? 00 £ s     © 

60  Is . n. 
en   O 

o .2 
is J= 
58 *- ■S <P to <*- 
? w 

•a cs 
c   D. 
CS    <L> 
      kri 

= •£- 
■11 
"5 e 

-"I 

a» 
cs   c 

* 1 ir a 
3   "° 

§.1 

is 
2  cs 

T3 cs 
TJ eu 
*> XS en 73 

■»'S 2 es 
cs „ 
at oo 

— .E es "in 

.§•§ 
E >- 

j= <c 
u cs 
es ,_ 

cs 

cu 
3 

•3     m 

Q 
X 

X 

Q 
U 
Q 

°K 
o 

o 
es 
E 
E o 

cfc 
•o 
cu 
a 
o = 
S] 

.2 U 
en 

n HM 

CS 
o 

u u 
3 a T3 
s o 
o. c 

^■^ o 
en 
F J 
es 
cu o 
Ü 

5 Q 

36 



2 
OB Is 

l 
o 

I 
> 
u 

s 
u 

2 

1/3 

3  C  b t>  eu  O 

e 
o 
D. 

£ 

fS 
in 

in 
o 

m 
rr 
PI 

o 

eS 

ON 
en 

es 
£ 6 
B Z 
< 

VO ©       in      —; 
es       eS       fi 

00 00 00 00 00 00 

t- 00 00 00 00 """' 

-<       fS      f>      _; 

es       O 

—        es       —       f>       .J 

es 

es     o     m 

es     -er     es 

r*>       O 

—        O 

es      es      m 

es 

—      o 

es 

5S cfl 
t/3 

oü 

oo 
oo 
m 

r- 
00 

o 
00 

es 

BZ 
< 

p 

5 
^ 

p 

5 

o 

5 5 
o 

ü 
« 
cd 

u 
u 
u 

es 
E 
1 

BÖ 
_c 
'« 
o 

CS 

es 

3 3. 3. 3 3 3 

C- in m in in 
es 

in 
es 

^ i 
c 
CJ 

es 
a. 
3 
o 
u 

H a 

D 

z 

u 
X u 
Q 
X 
s? 
O 

u 

o 

U 
X u 

o 

E 
CS 

±3 

es 

3 

5 

es 

T3 

J 
3 
in 

3 
in 

3 3 
in m 

es 

B 
u 

* g 

CS 
CJ 
C 
w 
CJ 

, IT* wT ert 

u u 
O & 

u u X £- 

Q 
3C 1 O 

u u. 
s? s? s* X 
o o o U 

£ 

•a 

eJ c a « x 
ca ~ 

'S  * 

A  fib 

° '„ 

•° Ö 
J.s 
c J 
O   ,_ 

•O   O 
ü      - 
o S 

_u 5C 
u     « 
V>   Q 

as 
? .. 

§ — 
u OQ 

£*. 
u _ 

as 
u 
c o 

§   i« 

! = .i 
■ * ü a Q_ ^   to 

n   n   u 
•= .£ x: 

E 

Ö 
as' 
c 
u 
00 
cd 

o.S .2 

1 S--S 
~ S E « 

HO;       =       =•       = 

ij§s 
n   n   u   c 

r g u K 

_  ~       " 
^,   K   u   ea 
u   £   w !> 

=?•§ S E 
eo   5 <<-   M 
c  8   o  s 

sag t-      h-      £ 
u   3   3 
S ■« Ö 

u u 1 o 
SS — ■« u 

'S   *    3 — 

1   I""!   - 
s;i c°.i 
'S -E 'S J a 12 5 ^ 

T3 
u 
cn 
O 
D. 

p 

V3 

o 
_;        B 

e      •« 

« B 
B 
O a 

1 
es 
o 
o 
ea 

^        Ö 
es   „; ■•-' 

ä ■»; s 

•- -a "O 

•a   es   O 
4,    JJ  T3 
Ä  -B   U 

•O Q   u 
S = f 

.—   „    co 
"    5.E 

u    B 

■S js 

o  c 

o x: 
U H 

o 
s # 
cd 

f 

es u 
f O 
U 

OJ . 3 
<S es > 

O 
u 
es 

es 
u 

JB 
U 2 

37 



1 
<-   o> 1 1 
s  © 

1 c «- o © © © o © © © © © © © © — © © © o © © © o © 
1 ■•S   «» 

>fc 

ä 1 OS 
i -C «- fc. m © © © © © —• «n CN <n © © >n ■* CM fN © "- © TJ- — «N © 

E 
a> a 

TJ 
e 
M 
in 

VO *a- t^ © © r- ro in </-! © m © O © o © © 

J: 
«M 

-:* » 
*» *» £S 

■■:« SS 
b 

sS fi. e. 

o f> m CM — <N o — <N (N — IN O o ■f — o — — © — O — 
c 

-< -*• 
e ■■:     W 

«> 
,iB 

to JS 
= S 

B 

z oo 00 00 
"5 
o 

u u 
JS 

O 
00 00 00 00 r- oo ^ rt ^> o CN o t Tt ■* ^~ 

t/3 £* 
H 
P ^ 
P 
en 

: •"' 1 S 
V    1. oo 00 00 00 VO 00 00 00 00 cs 00 00 ^ •* TT o n ~" Tl- t ^ ■«* 

05 Ä-'Z 
> « 

U o 
p o s 

eo 
• 
t- o 00 o 00 00 00 00 00 t- ^> ^> 

t o m o t ^r •* © 

H 
-< ft* 
O 

e », 
© Ä 
Z «o 

00 oo 00 00 eo eo 00 00 00 00 VO VO 00 ^t t ^~ ^J- t ^> 
V ^ ^t «N 

H 
I/J 
N* v. JS s °1 

z*5 Efa o 
00 00 00 00 00 eo 00 oo 00 00 00 00 00 ^> f Tt ^ ■v TT rf ■^> f "» 

>< 
PS 

«1 

m >rv v> IN - >/■> m in «N 
¥1 
<N - © o © © o O <r> ■n >n CN 

"5 > 

s p C 

p F E u p p p c fe u 

c 2 

<   S 
J i Q 

a 
u b. 

u 

ea 

u 
b. 

CO 
u 

eo 

75 

Q 
a: 
u 

7" 

J I Q 

u 
b. 

u 
CS 

u 
b. 

u C 
S 
B 
U 
j s D 

u 
b* 
ts 

5: 

u 
b> 

u 

1 
u 

C9 

J i a 
X 

u 

c 
o 
S 
c 

< s 
u T3 u 

pi 

u 
3 

ffi 
ü 

b. 
CO 

u 

■a u 
3 

m 
•a 
u 

et: 

u 
3 

m 

O 

1 
u 

O 
o 
S3 

y 
c 
o u u 
a 
o 

<s g 
VO VO         'S   3 

tn V] Crt c/l 

1-< © g vo" VO         i      3 *      13 I vo     -   m E 
W «r g i o\ o>        >   Ü C7\  Os         £    1» f>        a,   g 

S;    j= ü - 
P n As a r^ m       J? tS © ©       **.   ea 

© vo      J5 ts 

VO   VO           ?"    'S 
© ©             "i 

2     2 ts ■5   £1 < 

"    £ ^ 1    £ ^ o 
2 

? 

* o o 
Sod 

Li 
£•"3 o 
O  u  u 

T: > > > — — 
~  u  u 

§u   §   § 
u   Ü 

u «S «5 
is c c 
'c .SP.SP oo "ES "w 

C "ES   *   * 
,2 «TJ-O 

.a s ™ " 
8 * SS 8 
g iß H H 
g (—   en   en 
.a « a a 
E S3 E E 

ogZZ 
u z ü ü 

2 «.EC 
>   c   >"   "> 

a u x x 
■Ox  X £ 

g "5 * * 
en "O "T3 "O 
-   4>   u «J 

en   en en 
_    O   O O   C 

VO -D X) 13   fc 
Si   en   en en .O 

S  S Ä   o 
w 'ES "ES "ES   fc 

•g   b.   b. b. -5 
C    o   O O JS g <a ts c: o 
c   ea   n   es .S 
««■SrSgo 

I £ I £ z 
c   en   en   en   O 
n   vi   in   (n   f< °    U    U    «J    g 
u .2 
<n T: 'S —   2 
r    ra    R    fl    C 
.—   o   o   u   <u 
o « its ™ c 

c c c o 
oo on 00 w 

"trt  *i/3  "tn    03 
crt   to   c«   *i 
«   rt   es   w 

*   *   *D c  c  c SS 00 00 oo »^ 
'SS *5S "ES -^T 

XI o 

5  e 

•a  c 

,oooo 
S    = U    U    U ' 

_   u   o   u -J 
^3    C    C    C v—- 
U    u    u    u » •^ J J J c 
3 'o 'ü 'Ö S, 
S£ = =< 

38 



o 
o 
s 

o 
H 

a 

< s 

CO 
< 

w   m 
£ « 
a  o o o o o © O © © © © © © © © o © © © © © © © o 
3>  Si es  « 
>z 

V 
es « 
j; 

IM 

o eN © o o © © © <N — <N © © — Tt- © ~* © © © m © "" 
o 

w E 
t» » 
■o « 
« 
« <■—    M 

« 
E 
.k. 
V 

c 

«    «1 

■I S 
4«. 

VO f> r- © © © VO m (»1 in © ^- m o o o © © O ^-< © © 

"13 IA 
-«> *•* 

.■«. 

:S 2 
o o © o O o o o © o © © © © © o o o © o o O © 

B or 
:fia    O. to w 

■t M 

■* 

E .■:•*> £ 
S5 i'U 

00 00 00 

u 

© 
u 

© 
u 
X* 

o 00 00 00 00 

u 

fNl 00 ^> 
■^> Tt o o o ,^- Tf TJ- o 

B 
-<. 

4* 
«i 

E 
3 

:iE-K 
00 00 00 

u 

© 00 

u* 

00 00 00 00 00 oo Tl- Tl" TC © <N © t t t © 

Z; 

£5 m 
VO SO 

.0 
© 00 

u 

o 
«■ 
VO oo VO 

M 

VO o l~ in f ^t 'S- © IN o 1- t ^t o 

SS 

'S ■*» 
o* 00 00 00 00 00 00 00 00 00 00 VO VO 00 ^> ^1- TJ- 1- ^ ^~ ^> 

Tf "«f 
CNI 

,Z «e 

«1 00 00 00 00 00 00 00 00 00 00 00 oo 00 t Tt rr t rf t ^> ^J- »* ■>»■ 

z* 
-.«> 

m W! in 
in V) — W"! v> m m in - © © © o © © in in m in 

■>    ■::■ 

i 

E 1 | 
F g es 

tu E fc E ja U 

A
ge

nt
 / 

om
po

un
d 

J i a 

es 
u 

tu 

a 

V) 
«J 

a O 

tu 

2 

_J 1 D 

es 
u 

Tn 
«J 

to 
es 

u 

o D 

2: 

J 1 

u 
b- 

U 

t/1 « 

"es 
O 

J 
* 

D 
X 

I 

o 
u T3 

tu 

0. 

V 

rri cd 

T3 

0ä 
3 

CD 
tu 

et 
3 
ffi 

u 

eel 
.c 

S3 

3 u U 

• 

te
, 

ce
of

 
st

re
am

 

h E 
NO  SO          tu   a 

C>   OS             >    « 

f> —       1c TS 

E 
vO  VO         =      C3 
ON O        ■£   }± 

©   VO             ü    I« 

vO 

<   es 

VO 
ON 

8 2 
« s « 

Cß ^ 

i  

O o       ?■  « 
VO vO        =2 
© ©           « 

00 
© 

00 
© 

c 
^o 

es 

> 
o 
u 
'i 
o 
V u 
e u 

'> 
u 
•o 
u 
b> 
3 
U 
ifl 

. XI 
:  o 

in in 
• © © ""> _; Zi 

£■00 
o o u 

T;  >  > 
> Ji — 
ü o u —  u  ej 

SU    S    § 
u  u 

C 'c "S 

•5;   es   eei 

! 
3 tn w „   «j   v «LL D r- e— 
L^   _trt   Jrt 

.«SS 
SEE 
Sou 

5   00  M 
M.S .E e   «   w •E   3   3 

Q 

> 5? S 

Irt     CA 
o o 

tu 
1/1 
O B 

CA .O 

ü o 
's o 

UM   Ca« 

es   es 
•SS 
s § 

«.s 

§S5 
^- tu £•££<- 
u 
b> 
0 

CA     tA     tO     O 
CA     CA     CA     — 

_U   _4>   JU    g 

es •i= •= ^ E c F 
0 efl §  S  §  c 
es 
c "cn 

O    O    U    JU 
CCC   g 

E 
es 

00 
c 

c   c  c   0 
60   60   60   " 

C 
O 
u 
tu 

CA     CA     CA      C3 

0 äK^ 
tu 

F c   c   c ES 
OD  00 O«"- 0 0 

CA CA      CA     CA    -7 
es 
c 
0 

CM   (t.   C*H    C 

F 0   0   0 X 
tu   tu   eu     » 
u   u   0 —1 

™^ «a c  c   c ^ 
< b. u   tu   tu *- 

•O  -O  TJ    C 
u tu    u    0    60 

0 3 £ Ü £ < 
Z   es «o   o 13   tu 

39 



3.3     Data Analysis Results 

3.3.1    Gross Pathology (Erythema and Edema) 

Means and standard deviations were calculated for erythema and edema scores (Phase II 
and III Studies) and for lesion areas (Phase III Studies). Analysis of variance was performed for 
inflammation scores and lesion areas. Table 6 presents means and standard deviations for 
erythema and edema scores. Significant decreases in average inflammation scores resulted when 
comparing wastestream-dosed ("archived" or "fresh" -25 ßL volume application) to agent-dosed 
sites (HD or agent/chloroform) - refer to Table 6. Some significant increases in lesion areas were 
noted with wastestreams, presumably due to the larger volume dosed. For the "August 13,1996" 
experiment (vesicancy assay of "archived" wastestreams), significant decreases in average 
inflammation scores as well as average lesion areas resulted when comparing wastestream-dosed 
("archived" "Red" and "Blue" process wastestreams -10 ßL volume applications of 
wastestreams and agent/chloroform solutions) to agent-dosed sites. All observed inflammation 
scores and lesion areas from the "fresh" "Charcoal" wastestream-dosed sites were zero. 

3.3.2   Histopathology 

Statistical analysis (McNemar's test) of the histopathology data was performed to 
ascertain the significance between treatment groups (neat HD, agent/chloroform solutions, and 
wastestreams) at the 0.05 significance level. Sites dosed with "Red" or "Charcoal" wastestream 
("archived", 25 ßL volume application) exhibited a significant decrease in incidence 
(incidence = 0) ofmicroblisters compared to those sites dosed with HD or agent/chloroform 
solutions. Sites dosed with the wastestreams also showed a significant decrease in the incidence 
of follicular necrosis compared to sites dosed with any of the three agents (HD, HN, or L in 
chloroform; neat HD). Some significant neutralized wastestream versus agent differences also 
resulted with respect to incidence of epidermal and dermal necrosis. 

Sites dosed with "Red" wastestream ("fresh", 25 ßL volume application) showed a 
Significant decrease in incidence ofmicroblisters (incidence = 0), epidermal necrosis, and 
follicular necrosis compared to that on sites dosed with any of the three agents. Numerical 
reductions in some pathology from wastestream-dosed sites ("archived", 10 ßL volume 
application) were observed, although they were not statistically significant due to the smaller 
number of animals tested. 

Statistical analysis of incidence of intermediate to severe histopathologic signs was also 
performed. Sites dosed with "Red" or "Charcoal" wastestream ("archived", 25 ßL volume 
application) demonstrated a significant decrease in incidence (incidence = 0) ofmicroblisters 
compared to that on sites dosed with L/chloroform and HN/chloroform. A decrease in incidence 
(incidence = 0) was also observed for the "Red" or "Charcoal" wastestream compared to that on 
sites dosed with HD/chloroform, but were not statistically significant because only four of the 
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eight animals exposed to HD/chloroform had intermediate to severe microblisters. Sites dosed 
with "Red" or "Charcoal" wastestream ("archived", 25 pL volume application) demonstrated a 
significant decrease in incidence of epidermal necrosis and follicular necrosis compared to that 
on sites dosed with any of the three agents. Sites dosed with "Red" wastestream ("fresh", 25 pL 
volume application) showed a significant decrease in incidence of microblisters (incidence = 0), 
epidermal necrosis, and follicular necrosis compared to that on sites dosed with any of the three 
agents. Sites dosed with "Blue" wastestream showed a significant decrease in incidence of 
follicular necrosis compared to that observed on sites dosed with any of the three agents. 

Sites dosed with "fresh" "Charcoal" wastestream (25 pL volume application) exhibited a 
numerical reduction in incidence (incidence = 0) of microblisters, although this was not 
statistically significant due to the smaller number of animals tested, compared to that observed on 
sites dosed with any of the three agents. Statistical analyses also were conducted on the pooled 
"Charcoal" wastestream data ("fresh" and "archived", 25 ßL volume applications- see Table 14). 
These analyses assumed that the probability of a microblister and other histopathologic endpoints 
is similar for sites dosed with "archived" and "fresh" "Charcoal" wastestreams. Pooled data for 
sites dosed with "Charcoal" wastestream showed a significant decrease in incidence of 
microblisters (incidence = 0) and follicular necrosis compared to that on sites dosed with any of 
the three agents. Statistical analyses of incidence of intermediate to severe histopathologic signs 
(Tablel5) were also performed on the pooled "Charcoal" wastestream data ("fresh" or 
"archived", 25 /JL volume application). Sites dosed with "Charcoal" wastestream showed a 
significant decrease in incidence (incidence = 0) of intermediate to severe microblisters. 
epidermal necrosis, and follicular necrosis compared to that observed on sites dosed with any of 
the three agents. 
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4.       Discussion 

The intent of the process chemistries was to develop neutralization reactions that 
achieved destruction of CAIS agents, forming wastestreams with minimal toxic hazards. 
Achieving the desired objectives represented a formidable challenge since chemical reactions 
with the agents can result in the formation of reaction products/by-products having vesicant 
action and/or a high degree of systemic toxicity. Destruction of agents involves complex 
chemical reactions. The toxicity of the degradation products resulting from the chemical 
neutralization of HD, HN, or L is of concern to the toxicology, health, and regulatory 
communities. The current studies were undertaken to assess the vesicant properties of 
neutralized CAIS. 

Current methods for demilitarizing CAIS are still based largely on chemical 
neutralization via oxidizing materials. The oxidation of sulfur mustard, as pointed out by Franke 
(1967), represents one of the most important decontamination reactions for HD.  The oxidation 
of sulfur mustard via various oxidizers (e.g., hydrogen peroxide, hypochloric acid and its salts, 
potassium permanganate, nitric acid, DCDMH, etc.) yields various compounds whose 
composition depends on the nature of the oxidant used and the specific reaction conditions. 
Most easily formed is HD sulfoxide which on oxidation yields HD sulfone - both represent major 
oxidation products of sulfur mustard. 

The oxidation of HD not only alters the skin-damaging properties of HD but the systemic 
toxicity of sulfur mustard as well. The oxidation of HD is of great interest since sulfoxide 
formation, on chemical neutralization of HD, can be considered a "detoxification". In contrast, 
the formation of mustard sulfone, a.product of further oxidation, can contribute to an enhanced 
systemic toxicity and vesicant potential of the product solution/mixture. HD sulfone, having the 
S(0)2 functional group, is highly poisonous and comparable in toxicity to HD4. Research 
conducted since Philips' review (Philips, 1950) on sulfur mustard pharmacology/toxicology 
demonstrated that HD sulfone is a highly toxic vesicant. 

Certainly, based on the known toxicity characteristics of mustard sulfone, mustard 
sulfoxide, and their vinyl derivatives; it is crucial that the process chemistries developed for the 
destruction of CAIS employ oxidants that minimize the formation of HD sulfone and HD analogs 
having comparable biological activity (systemic toxicity and vesicancy) to that of HD. 

HD is easily destroyed by all chlorinating agents (aqueous or anhydrous medium). 
Under appropriate conditions, the chlorination of HD can proceed to form various polychlorides. 
In the presence of water, chlorination of HD is altered resulting in the formation of sulfoxides 
(Aleksandrov, 1969). Sulfoxides may undergo further oxidation to sulfones. 
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The vesication potential of HD degradation products/by-products is of concern - 
information pertaining to sulfur mustard products/by-products is summarized in Tables 16 and 
17. The reader is referred to a review on the subject matter (Olajos et al. 1996). 

Degradation product(s) of nitrogen mustards have not been implicated as having vesicant 
potential. The principal degradation product of lewisite, namely L oxide, is a potent vesicant. 

The vesicant potential of sulfur mustard derivatives (oxidation and chlorination products) 
has been investigated since the 1920's. Research has indicated that the strongest vesicant action 
is exerted by ß-halogenated Sulfides. The position and degree of chlorination influences the 
vesicant potential of the thioether molecule. With respect to the site of chlorination, Kirner 
(1928) and Dawson and Wardell (1930) concluded that compounds having the chlorine atom in 
the beta position were considerably more vesicant that those having chlorine in the alpha or 
gamma position. The degree of chlorination also influences the vesicant activity of the sulfide 
molecule and hence the early use of chlorination to degrade HD. Monosubstitution analogs of 
HD, regardless of position, are less effective vesicants than HD. As previously stated, the 
introduction of halogen atoms results in decreased toxicity and markedly diminished vesicant 
action. Research in the 1920s summarized by Bouder (1940) - indicated that the higher 
chlorinated derivatives (e.g., tri-, tetra-, and hexachloro derivatives) of HD (saturated or 
unsaturated) were non-vesicant. A summary of the vesicant potential of various chlorinated 
analogs of sulfur mustard are given in Table 17. Fuson et al. (1943) on review of the vesicant 
activity of sulfur compounds concluded that compounds containing the S(0) group were non- 
vesicant. Mustard sulfone, containing the S (0)2, functional group is a known vesicant (vesicancy 
potential 1/7 to 1/5 of HD; Bergmann et al, 1945). The formation of HD sulfone can contribute 
to an enhanced vesicant potential of the product solution/mixture (wastestream). 

The lack of vesicancy following treatment with "Red" and "Charcoal" process 
wastestreams is indicative of the effectiveness of the neutralization chemistries in destruction of 
chemical agent concomitant with the minimization of potentially vesicant-inducing products/by- 
products. The composite agent (HD, HN and L) levels in "archived" aM "fresh" "Red" 
wastestreams and in "archived" and "fresh" "Charcoal" wastestreams did not elicit vesication in 
the volumes dosed. Treatment with "Blue" process wastestreams ("archived" and "fresh") 
resulted in a vesicant response. The bioassay results were unexpected since the agent (HD) 
residual level was below 50 ppm, a level not expected to elicit a vesicant response. The most 
plausible explanation is the presence of vesicating product(s)/byproduct(s). 
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TABLE 17. VESICATION POTENTIAL OF VARIOUS ANALOGS/ 
DERIVATIVES OF SULFUR MUSTARD3 

Analogs/Derivatives 
(Saturated and Unsaturated) 

OXIDIZED DERIVATIVES 

Mustard Sulfone 
(sulfone, bis(2-chloroethyl) 

Sulfone, 2-chloroethyl vinyl 

Divinyl Sulfone 

Mustard Sulfoxide 
(sulfoxide, bis(2-chloroethyl) 

Divinyl Sulfoxide 

ß-chloroethyl vinyl sulfoxide 

a, ß' -trichlorodiethyl sulfoxide 

Vesicant 
Activity References 

(POS) 

(POS) 

(POS) 

(NEG) 

(NEG) 

(NEG) 

(NEG) 

Marshall & Williams (1921), 
Young et al. (1944) 

Young etal. (1944) 

Young et al. (1944), 
Thomson et al. (1945) 

Marshall & Williams (1921) 
Lawson & Dawson (1927) 
Fusonc/a/. (1943) 
Bergmann et al. (1945) 

Young et al. (1944) 
Thompson et al. (1945) 
Bergmann et al. (1945) 

Young et al. (1944) 

Young et al. (1944) 

CHLORINATED DERIVATIVES 

bis(cc-chloroethyl) sulfide (NEG) 

o, ß, ß' -trichlorodiethyl sulfide (NEG) 

a, ß, ß, ß' tetrachlorodiethyl sulfide (NEG) 

a, o', ß, ß' tetrachlorodiethyl sulfide (NEG) 

o, a ß, ß, ß, ß' hexachlorodiethyl sulfide (NEG) 

ß-chloroethyl a, ß dichlorovinyl sulfide (NEG) 

ß-chloroethyl a, ß, ß' trichlorovinyl 
sulfide 

ß-chloroethyl chlorovinyl sulfide 
(a and ß isomers) 

(NEG) 

(POS) 

Peters and Walker 1923) 
Baldwin etal. (1924) 
Kirner (1928) 
Dawson & Wardell (1930) 

Mann & Pope (1922) 
Lawson & Dawson (1927) 

Mann & Pope (1922) 
Lawson & Dawson (1927) 

Lawson & Dawson (1927) 

Mann & Pope (1922) 
Lawson & Dawson (1926) 
Dawson & Wardell (1930) 

Lawson & Dawson (1926) 
Kirner (1928) 
Dawson & Wardell (1930) 

Lawson & Dawson (1926) 
Kimer (1928) 
Dawson & Wardell (1930) 

Lawson & Dawson (1926) 
Dawson & Wardell (1930) 
Fusone/a/. (1943)  

Table  from Olajos  et al.,   1996 

Citations are primary and/or secondary 
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5.       Conclusions 

Based on the findings of these studies the following conclusions can be made. 

• The vesicating properties of the "Blue" wastestream (product solution from neutralized 
neat HD) were not significantly reduced from that of the untreated CAIS (neat HD) prior 
to treatment with neutralization solution. 

• The vesicating properties of both "Red" and "Charcoal" wastestreams (product solutions 
from neutralized agent/CHCl3 and agent/charcoal, respectively), in the volumes dosed, 
were significantly lower than the untreated CAIS agent solutions. 

• The microvesicancy test results on the "archived" wastestreams and "fresh" wastestreams 
suggest that storage had not altered the vesicancy potential of the product solutions 
(wastestreams). 
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APPENDIX A 

Gross Lesion Appearance (24-hr) 
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MREF Protocol #:   109         Study Director:  Carl 01 son  

Day: »3 Lesion Read By: 0 T^        Lesions Recorded By:     J/n-rf 

Lesion Sites A C E G B D F H COMMENTS 

Animal I.D. # 

311 ^ £< £< ^ X ̂ T £< ̂ 7? J&Ju*^AiM_, 
■ —'ii  

I- 3 
P.--a. 

t-s- 1-3 
E-3- E- f E.-J 

/to #--? 

.1 ,i s- /:-<?/ /; 

All measurements in millimeters 
N/A = Not applicable 
N/R = Not required 

R = Erythema 
E = Edema 
1 »Mild 
2 = Moderate 
3 = Severe 

it. ^ / ^ f ^ * /vJfc A/ Z7  

ite H -0,/) -0-V' . ^ affi^t^^ ■ 

Form No. MREF-LESION.S1Z-07 

Appendix A 63 
Ml ITU 



D-9 

Project #:  fi155VaMH- 

LESION SIZE DE"" N'INATION SHEET 

Date:     %~& ' 94 

Study Director:  Carl Olson  MREF Protocol #: 102  

^?  Lesion Read By:      C3TD Lesions Recorded By:     J**H Day: 

Lesion Sites A c E G B D F H COMMENTS 

Animal I.D. # 

32</ ^S X /«?Xf XI QX" Xo X OX XfS /I» 

£-5- 
Z2.-3 r-3 £-0 

t-o 
F-l E"   1 

All measurements in millimeters 
N/A = Not applicable 
N/R = Not required 

R = Erythema 
E = Edema 
1 = Mild 
2 = Moderate 
3 = Severe 

©^^fkr-ß^u^- 
£) 60<0 3-4,-94, tit-"*' 

Site A.r,,fl/fl7o  Hft^jCMCk 

Site B ZOjiJ) />nt i.CtZaf/AjjH*. AötuJJÜri'-' 

Site C.S'JJ IQ7»H<)^JLttCJ* 

Site D ££hJ yyu^f^a /*^*~ sQ*LtdZc** 

Site P .«ftJ? /0% L ^C /fck 

Site T2ö.AJ yy^JUUXcJ!/>yu^r /LtJdM^tr^ 

Site fi /./«fl ^/Lftj' ///?  

Site H £CUILY/* f jitvn fli^ L,-^ .4&2Z&**- 
o    J 

Form No. MREF-LESION.SIZ-07 

Appendix A 64 



D-10 

LESION SIZE DENOMINATION SHEET 

5 A* 6 'Project #:  HI555 

MREF Protocol #: 109. 

Day:     /??•  Lesion Read By:     CSTD Lesions Recorded By:    J/iiK 

Date:     ^"^"^ 

Study Director:  r?rl Olson  

Lesion Sites A C E G B D F H      1  COMMENTS 

Animal I.D. # 

3// £ff X X £lS X 3^ ^0 
£-3 

£0 p.- / P.- i 

.  i  -—rrT-v 

All measurements in millimeters R = Erythema 
N/A  = Not applicable E = Edema 
N/R = Not required 1 = Mild 

2 = Moderate 
3 — Severe 

site A <rn0/o% ufü^CM'k 

Site vZßjdsHfuJAjJL^+J SU-kj^- 

Site cSJ/DVoL^CHCh 

site T)3/)JJ)/KIUTAXLS^^ ^uiütin^ 

Site TS..C-M7n tfrLj*£/fCM 

Site F fQOaJ s>AQnJ7> ak+d~* S)JM£~^ 

*xtJr,£A    snl.(\L HO 

Site H ^-ÖMy.y^-e.ijtÄ^LJLfKt'u^ X^ta-^-cr^ 

Form No.  MREF-lESION.SIZ-07 

Appendix A 65 



D-ll 

LESION SIZE DENOMINATION SHEET 

Project #:  G1555-38A 

MREF Protocol #:   109    LL-^ 

Day: 2 

Date:      .1-/V-M 

3    Study Director:  Carl 01 .son  

Lesion Read By: QPr>    Lesions Recorded By:     /OK/H,- 

Lesion Sites A c E G B      1      D F COMiMENTS 

Animal I.D. ft ft 

3/o fM Pf ^ 5^ !3i£ M" 
a-' 

& 
Ä-3 
£-3 

£-3 
Z'3 

• 

All measurements in millimeters 
N/A = Not applicable 
N/R = Not required 

R = Erythema <g)^£ *Ä^ JU^^^U^<Uy^>^]JU*~ 

0 7 3-/^/'fC   &*~>~/ 

E = Edema 
1 =Mild 
2 = Moderate 
3 = Severe 

Site „S-^JL/Cftn ZiD^dHCIs 

Site '&2£'MJL& J.U>l^TgAT7o/>A^> 

Site C O"^. /£% HA)~~CHCJ3 

Site D.4 SjuJLßjLu^ U3 aXtZüflyvA^^ 

She V.SMJL/0% L^^CHCI^ 

Site Fc^SSuXC^q/Ullrai1 (Qa^t^ifc^-- 

Site G IM-Q—sTuuCt-H h 

Form No.  MREF-l=SlON.SIZ-07 

Appendix A 66 

$.£"£   /0-/t^?b &JMV 



D-12 

LESION SIZE DENOMINATION SHEET 

Project* fil555=iSA Date:     ?-/*/-?£ 

MREF Protocol #:   10°  PJ^L^.^ Study Director: Carl Olson  

r.      $& Lesions Recorded By:   /OALM^ Day:       ^? Lesion Read By: 

Lesion Sites A C E G B D F COMMENTS 

Animal I.D. i • 

mi 'M \hf pio % ■>& ifrf 
—-——i— R-3 

C.-X ^ *-3 
R&C& 
C4Z G-2- 

.    J' 

■ 

J-at. .A-J I^HUf 
u-n~ ~w>* -%*'- ~ • • v-      ÄAV^ 

All measurements in millimeters R = Erythema VE^/TS- ^ /JJL?C   &*J*~ 
N/A «Notapplicable E = Edema ®$& 3' 
N/R = Not required 1 * Mild 

2 = Moderate 
3 «Severe J^AJL.&-'/£*&**fi 

S,te A^C<VP%   I-M-I.HI-H           ^L /U^ZJl^^^fZ ^Z^J C +UUU- J~ *^ 

site r.<r..otrfLHn^(LHCf* ^ ^ c^^^r£^L<^^ 

/    fl          *  Mn d^rn^J--tuo o.a. J-'"-" 
siter, /..ü.y .y/ig/>i: n i^  A 

Form No. HREF-LESION.SIZ-07 

Appendix A 67 
^J«^*X ^  Ct ©fc 



D-13 

LESION SIZE DENOMINATION SHEET 

Project #: filSSS-38A Date:   3'/j-16  

MREF Protocol #:   10Q    RXas^?> Study Director: Carl Olson  

Day: % Lesion Read By:     bfc> Lesions Recorded By:    &M.*-' 

Lesion Sites A c E G B D F COMMENTS 

Animal ID. # 

HI 3 M 'J^f Iß^f Ä^T #ff i£<o 
a -3 

6-X e-3 
R-3 
£-3 6-2- 

fi-QtTQ 

■ 

All measurements in millimeters 
N/A - Not applicable 
N/R = Not required 

R - Erythema cLcbA^vtl^-^  a* J2i-^a£^ ^ZLo-^o 

diUu^rudX-t OL^ 0*5   ^-/V •* 

E « Edema 
1-M0d 
2 = Moderate 
3 «= Severe 

site*.<r..0itn« Ur>^£HLU 

SiteBjg'Tiijß  ff.^t/Wfc^fci0«—> 

Site r^„gf^tiJwC//£k 

Site D £ 5",u .Q P) 011* ^ UcLäfci"^^^ 

site v-r*lJcn-l-l~et1CU 

Site P £' "5TJUJ? f| n * <* <*"> 11) a *f° ^" ^ - 

site fi I - ^ ** <Lcdr; H b 

Form No. HREF-LESION.SI2-07 

Appendix A 68 



D-14 

LESION SIZE DENOMINATION SHEET 

Project #: fiI'm-38A 

MREF Protocol #: HE 

Day: -3  Lesion Read By 

Date:    3-N-9l> 

ßL ■&SU- 3      Study Director:  Carl 01 .son 

:jL Lesions Recorded By:     Xi AC/-L 

Lesion Sites A C E G B D F COMMENTS 

Animal I.D. # 

H9Z X '>rr ̂  /7^ % i^f '^f 
ß-3 R-3 A-3 

£-3 
R--3 
L—i 

(Lib- 6J 
CCS 

All measurements in millimeters 
N/A = Not applicable 
N/R = Not required 

E = Edema 
1 = Müd 
2 = Moderate 
3 = Severe 

Ö.0 ö^rU  O-v^L OOO^ JtJuuiX^r- 

._      -rr--   -Q)^C     \J^UL> -feA^A^-K^ 
R = EryÖiema dilk^'Wul/'^aJL edb 

djuwL^uOGL^ «uj  O.r 3 /V-SÄ £*M- 

Site A .^ P //) «7„ U/LU^C /^g/a 

Site tt^J P>Lf .UtufeftLow 

Site r.C»J   m<Vr>L~£HCI* 

Site D 35!xJP (LLuAfroiL U ^ bUntr,. s. ^ 

site P.s-iJUo^Kn^CHC/^ 

Site P.3 SXLA "fc.rt , O fiLaJT^tA J A^ ., 

Site r, I  MP  MJ-criZ  h D  

Form No.  HREF-LESION.SIZ-07 

Appendix A 69 



D-15 

LESION SIZE DETERMINATION SHEET 

•Project*:  m 555-38A Date:    ^-^^--^ . 

MREF Protocol #:  109 Wl.ö.k^^      Study Director: Carl Olson—:  

Day:        3 ' Lesion Read By:      (%b Lesions Recorded By:   IC-AA./V^ 

Lesion Sites A c E G B D F COMMENTS 

Animal LD. If 

HW u: 'i%r >rT ̂ <" J*r? i^r X 
«it & 

Ä-3 fc-/ 
fl-3 
«&-A £5- / ti 

^c u.-sfa u.- M 

• 

■ 

• 

All measurements in millimeters 
N/A * Not applicable 
N/R ■? Not required 

R * Erythema 
E ™ Edema 
1 «Mild 
2 » Moderate 
3 * Severe 

site * ^ff * /^- Hj):^>CMa9 

Site r5-^jJLin*7rs L..l^jC.tttlZ 

Site n ps-,J   fJi OA.&J+JI UJo^tiL^^ 

Site T: fT^JL/ö-%   h/nS^C HC/*> 

siteTr^^-^i /^J^' L)(Lä1LLL*. 

Site O±jJ^LL0t*-tU2  

djLsLucyr^Jl^ CLO 0.5- 2-22--4L *■■ 

S'i xTVi I.Q/ / l r rr*r~ 

(o-* JLAS^OA 

s\U*as*'-~ 

Form No.  MREf-L£StON.StZ-07 

Appendix A 70 D. Vwi.. 



D-16 

LESION SIZE DEKLINATION SHEET 

Projects  H1555-3SA Date:   V/33-frf? 

MREF Protocol #:  jno    PL^JUL^      Study Director:  Carl Olson  

Qk> Lesions Recorded By:     /Qtto/vw Day i Lesion Read By: 

Lesion Sites A c E G B D F COMMENTS 

Animal I.D. # 

4Q4 'iMT &tf '>lf ̂  >< V<6 M^ 
U fe-Ä e-a. R-3 £-0 fci ff-f 

(8
LM 

All measurements in millimeters 
N/A = Not applicable 
N/R = Not required 

R = Erythema 
E = Edema 
1 =Mild 
2 = Moderate 
3 = Severe 

Site A  S'.JUJL f 0*7* L \^CMCU 

Site * 3,5TxJ (Ui/iAgJ&oJ) LQgLöb-^fcuvv^ 

Site r.Tulicn~ Hnj+JLHUs 

Site r> l/r^ui (ItA^ldaMljJZjLa^ 

Site v.fMQim^UAJS^CHC/s 

Site P XLg"^ £>A-U» , L \kAjl ll/UUt/M 

Site n   LuJi.^Uttyhir)  

*\s 

0 =^VT_6Ht" OJip/XAJ^Cty 

6 --    JLo^Gf^> 

Form No. HREF-LESION.SIZ-07 
Appendix A 71 ^^ t^ ^ * 
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D-17 

LESION SIZE DETERMINATION SHEET 

Project #:  G1555-3RA Date:    3"P-^-9L 

MREF Protocol #:   109   P^L<L-QSL. a Study Director:  Carl Olson  

Day:        2-  Lesion Read By:       U& Lesions Recorded By:  iQ-^tn^ 

Lesion Sites A C E G B D F COMMENTS 

Animal I.D. # 

mu 'X i^f ̂ ^1   W5 2< JM ̂  
R-3 
&-3 

ß-3 
e-i «-3 

R-3 e-3 
li-i 
*~2 &- 3. 

"-* 
LL-L LO-^ 

All measurements in millimeters R = Erythema 
N/A  = Not applicable E «= Edema 
N/R = Not required 1 =Mild 

2 = Moderate 
3 =- Severe 

siteASZIA IQ% Hn'u^CHCU 

Site B A.*T*MJ} &JL&- l^&jfe-^&jui^- 

Site C^J   I Q°Jn HAlJ^CHCfe 

Site D.35U.<i   lf^L^.L^a^tT.^tLLo->>vw 

Site F5^j   IT)T*L^CHCU 

SiteVO-F>JL>$ (^L(lA,Cörd),\j^o-ÜJjalAM>~-' 

Site G    1 -XI.Q. -^OJL&±: H -D 

©Ac ^Jlau^cOi^^^cb^ 

J^ 

4 - J.asiA&-> 

Form No. MREF-LESION.SIZ-07 

Appendix A 72 



?Mfc 

LESION SIZE DETERMINATION SHEET 

Project/?:  fiT55S-38A Date: JL££±&— 

MREP Protocol #:   \™     Pi nut    Study Director:  Carl OlSPP   

n Lesion Read By:      ^fe Lesions Recorded By:    ß/KK- Day: 

Lesion Sites A C E G B D F COMMENTS 

Animal I.D. # 

^<97 *sf <hz ^ <**r ^r? ^ 
1 i ' 

ff-3   - 
£-3 

R-3 R-3 
e--3 

<J--!o@ u..tg, 

£LJi? 3-A2.-*^ -e^' 

All measurements in millimeters R = Erythema JL^tjb djl%ZA~rvU^eL aX^-^^^^ 
N/A = Not applicable 
N/R = Not required 

R = Erythema .    _fc_, , 4. ^J^^A ^^^=i aJbJlZ**** 
E = Edema 
1 = Müd 
2 = Moderate 
3 = Severe 

site A .ir^P/ni HAJ1~£MC/X 

Site * 2-TMJ   &Jbuu-,L)Ci^dtUT'lt^"-' 

Site r.T^J /OTo/-J~£//C/i 

Site n D.S'^ud. CJ.as> c'UhtJ. L)oud2.<L&u^- 

sue * -T^ /^ /+nj~r//C/i 

Site F/£iTUtX   /?~ir.L LUüMl$luU^v*~ 

Site r.  /   ^j .^Ul±: HP 

Form No.  HREF-LESION.SI 2-07 

Appendix A 73 



D-19 

LESION SIZE DETERMINATION SHEET 

Date:   £^-2-V-^C=, Project*:  G1555- 38 A 

MREF Protocol #:   109   PW^JS Study Director:  Carl Olson 

Day: Lesion Read By: Lesions Recorded By:      /yPC/,/U/ 

Lesion Sites A C E G B D F H COMMENTS 

Animal I.D. * 

O^VJ H X ̂ f ̂ T Ö ^^^ /Ö ^r 
*--3 
Er 3 fe-3. e-a. 

R.-2. R,-C 
E-0 E-/ 

All measurements in millimeters 
N/A  = Not applicable 
N/R = Not required 

Site AS~MC?ULL^<^C-U 

Site B ^^"^'''ij^ i»■ ■ ■fc\oj<^«*-><_ 

R = Erythema 
E = Edema 
1 = Müd 
2 = Moderne 
3 = Severe 

Oz yyi^b Ojy2ZLAjL*£tZ 

Site c ^>~^- VCT1*  Vfo,—CVCU 

Site D ^B»A. V£*ML —o^S^E^w-, 

Site E 5^L lOloV^ L^C^^U, 

Site FJS^, 

Site fi    I -»&- ~»*rV W^ 

Site H." 

Form No.  MREF-lESION.SIZ-07 

Appendix A 74 



D-20 

Project #:  H1555-38A 

MREF Protocol #:   109    9 

LESION SIZE DETERMINATION SHEET 

Date:     G-^V-^^» 

>    Study Director:  flarl Olson  

Day: Lesion Read By:       ^^""        Lesions Recorded By:    Q/**-*^ 

Lesion Sites A c E G B D F H COMMENTS 

Animal I.D. # 

34-\ ^ ,^f i^< M o ^"^ ^^° x  ' 
S-JL 

Kc3 
E-3 E-3 

R.-3 V5-0 
E-e 

"-=^r"© a^e "■-*& 
u.--6»fl? 

All measurements in millimeters 
N/A = Not applicable 
N/R = Not required 

R = Erythema 
E = Edema 
1 = Mild 
2 = Moderate 
3 = Severe 

Site A S^VCTk VVfr^dWC-Vg 

Site B "2^3 ^SL-Voft-^^.^^, ^T^-i»,  

Site r 53^31» VcC^OftCJU 

Site T)2SA»A   ^^=^Z^^-  

Site V   ^-S^CS^^^^-U 

Site F__ 

Site r,    \ ~&- ^&J±: W'k  

Site H. 

g)^P   fc -3.1'? 6 S^r*- 

Form No.  HREF-LESION.S12-07 

Appendix A 75 



D-21 

LESION SIZE DETERMINATION SHEET 

Project*: Q1555- 38A 

MREF Protocol #:   109   P 

Day:     ~2—  Lesion Read By: 

Date:      C-gA-^E, 

3 Study Director:  Carl Olson  

fo'^      Lesions Recorded By:    &M !VU/ 

Lesion Sites A C      1      E G B D F H COMMENTS 

Animal I.D. H 

3^=\ •X £< •^< V< 'X 2/ 

fed1 

e-3 Er-^i E-a 
»Co fei 

e-a. 
5£rö 

"•"**<© ---^ 

All measurements in millimeters 
N/A = Not applicable 
N/R = Not required 

R = Erythema 
E = Edema 
1 -Mild 
2 — Moderate 
3 = Severe 

0 - ^t/u>=tr OUQ^UILA. 

*/*> 

Site A ^>~S VCfk^V^CJr^U 

Site B 2ics »-&- ^-^. A-*^J*-&Z » ^^^_ 

Site C 5^VO"lDl-^CJr<,V, 

Site D ^S^^-*- -~^3S^  

Site F     5^SL VCTO Vfrs ^CJTVU , 

Site V ~2^SL +^ ■ 

Site a I ~^r^£^   V\t^ 

Site H SS^SLVaft^J 

Form No. HREF-LESION.SIZ-07 

Appendix A 

U> - JLULCJUx, dZZJr«-^ ^rUF&jZ 

•~>  ~ ^VvU e-Lu.i'/u-' 

76 



D-22 

LESION SIZE DETEEJvlINATION SHEET 

Project*:  CHS55-38A Date:—G-^X^Z, 

MREF Protocol #:   mo   £W^3 

Day:       ^-~ Lesion Read By: 

Study Director:  Carl Olson  

AT Lesions Recorded By:    /iM-*^ 

Lesion Sites A C E G B D F H COMiMENTS 

Animal I.D. # 

34-"2^ *x ̂ < ^" 
l^f 2W X Ji# >< 

ß--3 
G-3 

feÄ 
g-3L G.-D 

-. 

All measurements in millimeters 
N/A  = Not applicable 
N/R = Not require! 

R = Erythema 
E = Edema 
1 =Mild 
2 = Moderate 
3 = Severe 

Site A 5AVQ1. L-^eVtCj^ 

Site B ^^^ ^-^^-c^Qs»..— 

Site r S^Vffltt^k^ClrtCJ^ 

Site D, "ZEx^L^A 

site P ^^\cu^vcr*~.cic\cu 

Site P ^JQ.-SLVaSUa- 

Site G_i^k-£^i£il 

Site W ~25Jl^A 

Form No. HREF-LESION.SIZ-07 

C -^.yyuP't Q_^li?o-'u>N\T 

A 
LM% 
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D-23 

LESION SIZE DETERMINATION SHEET 

Project #:  G1555- 38 A                                                     Date:     £-.^7-f6,. 

MREF Protocol #:   TOO    UJ^JI.^      Study Director:  Carl Olson  

Day: .42 Lesion Read By: '    ^        Lesions Recorded By:    £ ftLOL- 

Lesion Sites A c r G B D F H COMMENTS 

Animal I.D. # 

3M r> iSrf ^-^ >Uf j^r ßrf- 'J2< ̂  

JE-A £-.3. 
J3-3 c-/ 

tf-Ji /7.0 
A-* 

u--Wtf a"-4rP 

All measurements in millimeters 
N/A = Not applicable 
N/R = Not required 

R = Erythema 
E = Edema 
1 -Mi)d 
2 = Moderate 
3 = Severe 

O -Z ^TL&€>- CXj2ßASU*>-t-- 

Site *-^g //?%   HDJ^drtCfe 

Site B ;££! ^ -bin.*-.- Lu aÄZlAVüLO-i*' 

Site r^ld//}% H.lL^dHC/3 

Site T) ,250. J1 AJuLMlOL^AMLUL'Ti'- 

siteTr^ccg lc.7?>l~J^jyf£h 

site P ■ä-fllJL ■ -ff-&^-- D aXb^Tu^r-o 

Site r, / .*lt£. sV. i /£& /-/D 

Site V^jT^S./t-Lcl t.^QLQfciTsJLd-'V^ 

Form No. HREF-LESION.SIZ-07 

Appendix A 

u^-^ ~<LL^^z\cCL^e^'^±*^L^■^<-J'^■ 

t 

.5""- w'V'^^cJ-^v.v^' 

£ -- JU •^OAS 

n ^ \^Ci.i Öiw Ll2>^ 

78 



D-24 

LESION SIZE DETERMINATION SHEET 

Project #:' Q1555-38A Date:     (»-£7-?6 

MREF Protocol.#:  ino  A'JLLXL^^      Study Director:  Carl Qlson  

.41 Lesion Read By:       61*~        Lesions Recorded By:   ß-Alh^ Day: 

Lesion Sites A c E G B D F H COMMENTS 

Animal I.D. # 

3 HS ttf 3^f i^T £lf >< '>7^ 5>^ 

S3 R-3 
6-3 5:1 ff-3 £-0 G-/ 

ffV 
U.S.L tt*V 77) 

U.--H 

.   _i-  „    .*> . 

All measurements in millimeters 
N/A = Not applicable 
N/R = Not required 

R = Erythema 
E = Edema 
1 - Mild 
2 = Moderate 
3 = Severe 

0 ^/t^C OjOfiOJ ■t^>^t- 

te r^T^l. /ß% HP ^-QMCh 

UD^AJ- ^yurt- psu4s-t*-u-c. 

~LL - 

5"- _>Ki_dUju_v- 

fe "• JU.- T 

te G 

te ^,2-5~+J- 1-iuj^ tO GULLLOU^ (LAJU^W^CM" ^- Lt^'^ 

Form No. MREF-LESION.SI2-07 

Appendix A 79 



D-25 

LESION SIZE DETERMINATION SHEET 

•Project*:  G1555-38A Date:     0 -£ 7~?J£ 

MREF Protocol #:   109      KJ^CULU3     Study Director:  Carl Olson  

Day: &L Lesion Read By:        ^ ^ Lesions Recorded By:    &-AUi<~> 

Lesion Sites A C E G B D F H COMMENTS 

Animal I.D. # 

3*1 ^ £< £< i$rf!£ti!tä 0^ 

ßrJL 
/f-3 

J&-Ä £—C 

""t LL-S_ 
^ 

AH measurements in millimeters 
N/A = Not applicable 
N/R = Not required 

R = Erythema 
E = Edema 
1 =Mild 
2 = Moderate 
3 = Sc-'ti-e 

O-yTT-fr^fc OJ)£UMJ^: yJT 

Site A^O^ /4 Vn M^ JCL-Hr J^ 

Site B <SrS^MjL J^-LOJ; lO 0-^ltF.^UAjLa^y^, 

Site C^^./d%Z-«^ULHC 15 

Site -D.HTJJJ' /did- lO CUU La^u^^ 

Site F £5"^^^JLu^. LO CLa^LxiL'ula^vt^- 

Site G Aoi •H^/bT^ ///£> 
         1 ,7 __ 

■Sire H -23 ^cVL/O-^ lQ <P-<L^ ZL i >, t. n /..w 

Form No.  HREF-LESION.SI2-07 

Appendix A 

6 -  ._£-o-<-G/C-' 

o ^ 0_T &^ 4 US  V 
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D-26 

LESION SIZE DETERMINATION SHEET 

Projects  H1555-38A Date:     C-3 7-c/&„ 

01 MREF Protocol #:   1DQ      P'J'L4AJur>     Study Director:  Carl Olson  

*) T »oi^n P«H Rv        j^il- Lesions Recorded By:   <v /*-A Day: Lesion Read By: 

Lesion Sites A c E G B D F H COMMENTS 

Animal I.D. tt 

3sa l^f ■/£< [^ M %^ '£tf '£< 
£-'. 
*-#*■ 

*-3 
GO fa-J e-i G-/ 

CL"% 
LL-ia _. 

All measurements in millimeters 
N/A = Not applicable 
N/R = Not required 

R = Erythema 
E = Edema 
1 = Mild 
o - * * • '--«.»». 

3 = Severe 

C-sruct appoyuy^' 

site K^jLn%Ml2^JLHtl3 
site K-33UJI ALJ u)cuZ*,JZ±*~~ 

Site r&Jul/ö7ndA]^CH£ 13 

Site D £5-JüdL MUJL, -^ OL^ÜL^t^^ 

Site rx'H/J /fl70Z^~g.HC 1 3 

Site r, /^ S/UAJ£ HP 

Sire ^^S'^jJj.A-lu^ U) OAXcaAAiLoiTv»-- 

Form No.  MREF-lESION.S1Z-07 

Appendix A 

0(^/0 fc-3/7-9£ /©/**«-■ 

^.A-lJ"1 
QL T Öiw ti«^ 
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D-27 

LESION SIZE DETERMINATION SHEET 

Project #:  CM555-38A Date:     9J- /^-9 6 

MREF Protocol #:  10Q    P.k^sii  3    Study Director: Carl Olson  

«2-  Lesion Read By:     ^O    Lesions Recorded By Day: &■/*■? rA. 

Lesion Sites A C E G B D F H COMMENTS 

Animal I.D. # 

^3 £3 /^ ihc M ffil ><f a 

«S P.-2. 1 ft-* 
£=r| &-0 

tf-i 

1 

--<"' 

/ l 

All measurements in millimeters 
N/A  = Not applicable 
N/R = Not required 

R « Erythema 
E = Edema 
1 = Mild 
2 - Moderate 
3 = Severe 

Q-/yt^CU^fL(^J^O^ 

Site K//).IJA?.U;   l^oiTl^l^vvv 

site rmJ,i)in67r,HbJi~-£HC/3 

Site T) /Pod? CJUV) C^rtJ! . ^a^xZb#tt^/yt/^ 

Site F??W /Ü^Ljj)^i7^TÄ;^ 

CD -situ c_ .  

/J/v\^ \U ■uLw^v^ci1-: £x\ n 
?/iiUu 

u- tt»-Site- 
Appendix A 
Form No. MREF-LES10N.SIZ-07 
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D-28 

LESION SIZE DETERMINATION SHEET 

Project/?:  HI555- 38A Date:_iLlVl24 

MREF Protocol #:   IQQ    lA/i as ?>        Study Director:  Csri Qlspn 

Day: Lesion Read By:   6<P Lesions Recorded By:    f]Q/^m 

Lesion Sites A C E G B D F H COMMENTS 

Animal I.D. # 

^?-5" 1^ U< 0< £- ̂ ^tif '/^ff "^ .$"' 
fl-3 *-* 

£-2. B-'O 
■ 

■• 

IV~« 

1 
--* 

W<ij 
  

All measurements in millimeters 
fj/A  = Not applicable 
N/R = Not required 

R = Erythema 
E = Edema 
1 = Mild 
2 = Moderate 
3 = Severe 

0 z?%*tts1rtJ&GffiAA<^ 

siteAfn»fl \^U^A)\fjr-MC.\2 

Site P/QjiP y>" r^U^ftATcTfÄt Ay^ 

c=..r/n,.c /r,^ L^CMdl-s 

sitenfHi^ (LP^o.UOaif^iÄ 

sue - i'n JLx& tA^-^a£ ujaü 

(T'-giTc-cr  

©-Sm-fe  
Appendix A 

Form .Mo. MRSF-lESlON.SIZ-07 
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D-29 

LESION SIZE DETERMINATION SHEET 

Project 8\. G1555-38A Date:      t-N-^^ 

MREF Protocol #:   10Q   K1AS>9,?>    Study Director:  Carl Ohon  

Dav: c^-  Lesion Read By:    ■/P^    Lesions Recorded By:    /S-'M^o 

Lesion Sites A C E G B D F H COMMENTS 

Animal I.D. 8 

^00 A< j><r 0| . -5"^"' 'M i^f Q\ 
K"3 £-0 £-0 

• 

I 

All measurements ia millimeters 
N/A = Not applicable 
N/R = Not required 

R = Erythema 
E = Edema 
1 - Mild 
2 — Moderate 
3 = Severe 

CU^pjO^JLndi- 

sitei.f^iml Hr)l*f..HCJ>i 

Site B i^Lü-O gJLff > r-e-nJp  üJQu£tX£ÜCe^-^^ 

Site rtÖjJltflnH/ÜJ^-CHU*, 

site n (bjdt'-/Lz-d ujOa^ü2öIÄJuaA^ 

site vmnhn°lnU^CHCh 

£ Siia-Gz 

d>    5iiL-fI; 
Appendix A 

Form No.  MREF-LESICN.SIZ-Oi 
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D-30 

LESION SIZE DETERMINATION SHEET 

Project #:  filSV>-18A Date:    9-/<V~%£ 

MREF Protocol #:   ino    Kl,- o f;^   Study Director:  Carl Olson  

^ Lesion Read By:    ^ Lesions Recorded By: _&ivy±k_ Day: 

Lesion Sites A c E G B D F H COMMENTS 

Animal I.D. 8 

3 5?9 i^t< '^r XT G> £l^ Ürf M Q\ 
o fl   / ■  ̂ 'j 

& t-3 c-c- Er-I 

■ 1 

1 
All measurements in millimeters 
JJ/A  x= Not applicable 
N/R = Not required 

R = Erythema 
E = Edema 
1 = Mild 
2 = Moderate 
3 = Severe 

iJip&A-LJvX' 

si*^ 

site >\K^tr?LHi).^C,tieJ* 

Site T^ 10 fP^'dlS, QjfoJjUL.» 

Site CJA^AI^LU^MCJ3 
site T*I(\JJ$ ^L^aitol^^ 

siter/n.il/A^ WK^CMJs 

(D- -Giiu c— .  
*\ 

(£,—S*w44t 

Appendix A 
Form No.  MREF-LESION.SIZ-0 
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D-31 

®. 

LESrON SIZE P^cRMINATTOiV SHEET 

Project #:  HI 555-38A Dace:—S-3o-^\Q^ 

MREF Protocol #:   109   PIA*^*
3

* Study Director:  Carl O'^Qn   

  Lesion Read 3y:      CL-T^-- Lesions Recorded By:        fe-< Day 

Lesion Sites A c     E G B             D F H      j  COMMENTS 

Animal I.D. # 

?TR !K ̂ M © ^n^' 9^ o 1 

£i R-3      Ä- I 
£-3      fc- \ £S t-% 

1 

_ 

L 
 _ -(•— 

All measurement in millimeters 
N/A  = Not applicable 
N/R = Not required 

R = Erythema 
E *= Edema 
1 = Mild 
2 * Moderate 
3 s= Severe 

(D-   ^K.^A^xczJ^Z. 

Site * 2*5"/ JL ^LJS-CL-V P frtf Q. lOa£Ll<rUji-CL^-/ 

Site r^uJ/flfr HftJuoUTMC.(3 

Sice n 4 rfiJ CJm s f ftw 0 1.0 ^utiUcAvo 

Sice vJTi,UlfaH;l/^CHrJi 

On 
<n*>^<> 

a ice 

Appendix A 
Form No. MRSF-lSSlCN.SIZ-O" 
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D-32 

LESION srzE TERMINATION SHEET 

Project #:  (11555-38A. Date: .  S-^^fe_ 

MREF Protocol #:   TOQ     Pi» «>■?      Study Director:  Carl Oh"n  

Day:        "Z- Lesion Read By:     Cs^    Lesions Recorded By: —Esii 

Lesion Sites A c x« G B D F H COMMENTS 

Animal I.D. # 

"^90 5>ttr X a>\ >& ^0 &> f 

£?.• 
ß-o  ■ G-D 

E-O 
fi-C 
e<-0 

<?■ 

-A^~   

All measurements in millimeters 
NVA  = Not applicable 
N/R = Not required 

R = Erythema 
E = Edema 
1 = Mud 
2 = Moderate 
3 = Severe 

site *■*••! inv~UA)^e.HC.U 

site f^SJS'ji C sAs>j>fi.*t*JL bJa^±Z&ü^»~ 

site r-r^c irVzL-^CJiCU 

Site T^.Y^UQ  sJi.AS>S>JXl£uJa^ät^tte^** 

Site ej>.*."jul SÄA* rt~nQ  U^oM^uXaJX /H/O 

ft- 

Jrts-H- 
87 Appendix A 

Form No.  MREF-lESION.SIZ-07 
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D-33 

LESION SIZE DETERMINATION" SHEET 

Project #;. r> 1555-18 A Date: —<2--3=>-clfe_ 

MREF Protocol #:   109  -ßlfio^^    Study Director:  Carl Qlspn  

~£- Lesion Read By:    Cs~o Lesions Recorded By:  £si~ Day 

Lesion Sites A G B D F K COMMENTS 

Animal I.D. If 

-\9Tl Ü1< rx X fl? 
>^ ^5 ̂  <2» ■ 

• 't^ 4  

e-3 
tf-z. 
c-2. 

R'-Sr 
e-G e-o c-0 

1 

X _ ■  IU 

All measurements in millimeters 
N/A — Not applicable 
N/R = Not required 

R «= Erythema 
E *= Edema 
1 = Mild 
2 = Moderate 
3 = Ssve-e 

£>= vC^l i^^ne^L 

site t.^jjJL/üVn UV) L-W.HCJ* 

Site B$£jdL .-CÄAA-C-e-aJ- LÜOudü^MJS^^ 

site rjr^J? ;n% Hj)J^CHCh 

Site Tvg51<J. lAnpftHlO ix \0^dl^Zs^o^^ 

site v-<r,J./D7-Ll~CHCh 

Si V lit 

<2> 

-3TTC- 

Appendix A 
Form .No.  MR£?-L:S!0N .SlZ-07 
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D-34 

LESION SIZE DETERMINATION SHEET 

Project #:. G1555-38A Date:      ^--gQ-^Cs 

MREF Protocol #:   10Q   P-Laj*t ."*       Study Director:  Car! Ohon  

  Lesion Read By:     C*"° Lesions Recorded By:      9*+c- Day 

Lesion Sites A c E G B D F H COMMENTS 

Animal I.D. # 

^S^ !X 13^ J^T <P 5^T &6 >€ Ö>' 

*-3 
/e-3 
6-3 *-3 

0-o £S 

_,   

  —*-?t«. A. 
All measurements in millimeters 
N/A = Not applicable 
N/R = Not required 

R «= Erythema 
E = Edema 
1 = Mild' 
2 = Moderate 
3 = Severe 

Site ^T.jC.ttäL l*SJfC!* 

site B ■ar^ü. ^1 a * GC*QLja.aZLrf**^' 

site c.5Ui./fi7n Hn lULMCU 

Site n_2T^>. A* * »r^-a i t-J ^LSTJXUQ^.^- 

site * .r„ I /<? % ÜA)~Ujrj-ICU 

Site F ^2>>1uiL CÄnA£J*a£ f^OAli<^ 

&  Him Gr: .  

Appendix A 
Form No.  HREF-LESION.SIZ-0 
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E-l 

Definitions Used in Histopathologic Evaluations 
and an Explanation of the Grading of Lesion Severity 

Microblister: Loss of epidermal basal cell attachment to the underlying basement membrane 
of at least two adjacent cells. The loss of attachment creates a space which may appear empty, 
full of proteinaceous fluid, or filled with neutrophils.  One or a few isolated small areas of 
detachment is graded 1, minimal. Many such areas of detachment, or several larger (10 or 
more contiguous cells) areas of detachment is graded 2, mild. When half or more of the 
epidermis in the tissue section is detached from the dermis, it is graded 3, moderate. Such 
lesions typically have a much larger space between the basal cells and the dermis. When 
nearly ail of the epidermis is separated from the dermis, it is graded 4, marked. In such 
situations, there are usually focal, point attachments, so the entire epidermis is not lifted along 
the full width of the section. 

Epidermal necrosis: The epidermal cells exhibit cytoplasmic eosinophilia, nuclear loss or 
pyknosis, and are generally shrunken. If only individual cells are affected, it is graded 1 
(these are generally isolated basal cells). If small areas are affected, with normal areas in 
close proximity, it is graded 2. If the epidermis exhibits cell death in a full-thickness (all 
layers of epidermis) pattern, and affects half or more of the skin section, it is graded 3. If the 
epidermis is virtually entirely necrotic, it is graded 4. Severe ulcers assume that the epidermis 
is necrotic. 

Follicular necrosis: If isolated epithelial cells of the hair follicles exhibit eosinophilia or 
pyknosis, it is graded 1. If clusters of adjacent cells within follicles are dead, it is graded 2. 
If cells of half or more of a particular hair follicle are dead, it is graded 3. Grade 4 lesions 
have complete necrosis of the follicular epithelium underlying much of the epidermal lesion 
area. This indicates that the agent has penetrated deeply. 

Dermal necrosis: Loss of collagen fiber integrity, evidenced by pale eosinophilic staining and 
homogeneous appearance, indicates necrosis of dermal fibers. With only isolated areas, it is 
graded 1. Multiple areas are graded 2. Necrosis of most of the superficial dermal collagen in 
the lesion area is graded 3. A grade four lesion requires deep (to the base of the associated 
adnexa) dermal necrosis. 

Hemorrhage: Extravasated erythrocytes is hemorrhage. A few isolated foci is graded 1. 
Multiple, common foci is graded 2. Large pools of blood is graded 3. A grade four lesion 
requires a massive area of blood pooling with displacement of large areas of dermal collagen. 

Vascular necrosis: Loss of integrity of a medium to large blood vessel is vascular necrosis. 
Grading depends upon the number of vessels affected and the severity. Partial necrosis of one 
vessel is graded 1 to 2. Complete necrosis of a vessel is graded 3; multiple such lesions are 
graded 4. 

Pustular epidermitis:  Collections of neutrophils in the epidermis proper is graded by extent; 
one or two small foci is graded 1; three or more small foci is graded 2; one or more large foci 
is graded 3; a grade four lesion would indicate massive infiltration of the entire epidermis by 
neutrophils. 
Appendix B 92 



E-2 

Task 95-38, Phase 2a, Day 1 

Key for HGPs #301 and 305 dosed 2/19/1996. Exposure duration - 2 hr. 

Animal # 301 

Site 

B 

D 

H 

10 ML of 10% HD in CHC13 

50 /iL of 10% HP in CHC13 

10 /iL of 10% HN in CHC13 

50 /xL of 10% HN in CHC13 

10 ILL of 10% L in CHC13 

50 tiL of 10% L in CHC13 

1 /xL of neat HD 

Treatment 

Animal #305 

Site 

B 

D 

H 

10 /iL of 10% HN in CHC13 

50/iLof 10%HNinCHCl3 

10/xL of 10% LinCHCl3 

50 iiL of 10% L in CHC13 

10 tiL of 10% HD in CHC13 

50 fiL of 10% HD in CHC13 

1 ttL of neat HD 

Treatment 

Appendix  B 93 



E-3 

Dosing Date: 2/19/96 MREF Task 95-38 
G1555-38A 

Animal # 301 Site A B C D E F G 

Histopathology Markers: 

Microblister 2 2 2 2 3 4 2 

Epidermal Necrosis 2 4 4 3 ■^ 

j 4 3 

Follicular Necrosis 3 4 4 4 2 4 4 

Dermal Necrosis 0 0 0 0 0 0 0 

Vascular Necrosis 0 0 0 0 0 0 0 

Hemorrhage 0 0 0 0 1 2 0 

Pustular Epidermitis 0 0 0 0 0 0 0 

Notes: 
all lesions are centrally 
located; 
some normal skin present on 
all 

mild 
dermal 
inflam 

min 
dermal 
inflam 

min 
dermal 
inflam 

mild 
dermal 
inflam 

mild 
dermal 
inflam 

min 
dermal 
inflam 

Animal # 305 Site A B C D E F G 

Histopathology Markers: 

Microblister 2 2 3 3 3 2 2 

Epidermal Necrosis 4 4 4 4 4 4 4 

Follicular Necrosis 3 4 4 4 4 4 4 

Dermal Necrosis 0 0 0 0 0 0 0 

Vascular Necrosis 0 0 0 0 0 0 0 

Hemorrhage 0 0 1 0 1 1 0 

Pustular Epidermitis 0 0 0 0 0 0 0 

Notes: 
all lesions are centrally 
located; 
some normal skin present on 
all 

mild 
dermal 
inflam 

mild 
dermal 
inflam 

mild 
dermal 
inflam 

mild 
dermal 
inflam 

min 
dermal 
inflam 

mild 
dermal 
inflam 

Degree of Severity Grading Scale: 
0 = Normal, 1 = Minimal, 2 = Intermediate, 3 = Moderate, 4 = Severe 

A   w   c:-r 
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E-4 

Task 95-38, Phase 2a, Day 2 

Key for HGPs #306 and 309 dosed 2/21/1996. Exposure duration - 2 hr. 

Animal #306 

Site 

B 

D 

H 

5uLoflQ%LinCHCl3 

10uLofl0%LinCHCl3 

5 uL of 10% HD in CHC13 

10 uL of 10% HD in CHC13 

5uLofl0%HNinCHCl3 

10 uL of 10% HN in CHC13 

1 uL of neat HD 

Treatment 

Animal #309 

Site 

B 

D 

H 

10 uL of 10% HD in CHC13 

5 uL of 10% HD in CHCL, 

10 uL of 10% HN in CHC13 

5uLofl0%HNinCHCl3 

lOuLof 10%LinCHCl3 

5uLofl0%LinCHCl3 

1 ^L of neat HD 

Treatment 

Appendix  B 95 



E-5 

Animal #306 Site A B C D E F G 

Histopathology Markers: 

Microblister 4 3 2*** 3 4 2*** j*** 

Epidermal Necrosis 4 4* 4*** 4 4 4*** 4*** 

Follicular Necrosis 4 4 4 4 4 4 4 

Dermal Necrosis 1 1** 2 0 0 2 2 

Vascular Necrosis 0 0 0 0 0 0 0 

Hemorrhage 1 0 0 0 0 0 0 

Pustular Epidermitis 0 0 0 0 0 0 0 

Notes: 
*focal ulceration 
**deep dermal edema 
***large ulcer precludes 
much 
blister potential 

mod 
dermal 
inflam 

mild 
dermal 
inflam 

mild 
dermal 
inflam 

min 
dermal 
inflam 

mild 
dermal 
inflam 

mild 
dermal 
inflam 

mild 
dermal 
inflam 

Animal # 309 Site A B C D E F G 

Histopathology Markers: 

Microblister 3 0* 4 4 4 4 3 

Epidermal Necrosis 3 4* 4 4 4 4 4 

Follicular Necrosis 4 4 3 2 4 3 4 

Dermal Necrosis 1 2 0 0 0** 0 0 

Vascular Necrosis 0 0 0 0 0 0 0 

Hemorrhage 0 0 0 0 1 0 0 

Pustular Epidermitis 1 0 1 1 0 0 0 

Notes: 
*large ulceration precludes 
blister potential 
**deep dermal edema 

mild 
dermal 
inflam 

mild 
dermal 
inflam 

mod 
dermal 
inflam 

mod 
derm 
infla 

m 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

mild 
derm 
infla 

m 

Sfote: Some normal skin is prese nt on all st actions, bo th animal s; lesions are centi ally locat ed in 
trimmed area. 

Degree of Severity Grading Scale: 
0 = Normal; 1 = Minimal; 2 = Mild; 3 = Moderate; 4 = Severe 

Appendix B 96 
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E-6 

Task 95-3 8, Phase 2a, Day 3 

Key for HGPs #312 and 316 dosed 2/27/1996. Exposure duration - 1 hr. 

"Animal #312 

Site Treatment 

A 10uLoflO%LinCHCl3 

B 5uLoflO%LinCHCl3 

C 10 uL of 10% HD in CHC13 

D 5uLofl0%HDinCHCl3 

E 10 uL of 10% HN in CHC13 

F 5uLoflO%HNinCHCl3 

G 1 uL of neat HD 

H 

Animal #316 

Site: Treatment 

A 10 uL of 10% HN in CHC13 

B 5uLofl0%HNinCHCl3 

C 10uLoflO%LinCHCl3 

D 5 uLofl0%LinCHCl3 

E 10uLoflO%HDinCHCl3 

F 5 uLoflO%HDinCHCl3 

G 1 uL of neat HD 

H 
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E-7 

Animal #312 Site A B C D E F G 

EGstopathology Markers: 

Microblister 3 3 3 3 4 3 3 

Epidermal Necrosis 4 4 4 4 4 4 4 

Follicular Necrosis 4 4 4 4 4 3 4 

Dermal Necrosis 0* 0* 0 0** 0 0 0* 

Vascular Necrosis 0 0 0 0 0 0 0 

Hemorrhage 1 2 0 0 0 0 0 

Pustular Epidermitis 0 0 0 0 1 2 0 

Notes: *mod dermal edema 
**minimal dermal edema 

mild 
dermal 
inflam 

mod 
dermal 
inflam 

mild 
dermal 
inflam 

mild 
derm 
infla 

m 

mild 
dermal 
inflam 

mod 
derm 

inflam 

mild 
derm 
infla 

m 

Animal #316 Site A B C D E F G 

Histopathology Markers: 

Microblister 3 4 4 4 3 3 3 

Epidermal Necrosis 4 4 4 4 4 4 4 

Follicular Necrosis 4 3 4 4 4 4 4 

Dermal Necrosis 0* 0 0** 0** 0 1 0** 

Vascular Necrosis 0 0 0 0 0 0 0 

Hemorrhage 0 0 2 2 1 0 0 

Pustular Epidermitis 1 1 0 0 1 1 2 

Notes: *minimal dermal 
edema 
"""moderate dermal edema 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

sever 
e 

derm 
infla 

m 

mild 
dermal 
inflam 

mod 
dermal 
inflam 

mod 
derm 
infla 
m 

STote: All sections (312 a ind316 ) have non Ttal, unaffe cted skin at one o r both ma rgins oft le 

section. 

Degree of Severity Grading Scale: 
0 = Normal; 1 = Minimal; 2 = Intermediate; 3 = Moderate; 4 = Severe 

Allen W. Singer, D. V.M. 
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E-8 

Task 95-38, Phase 2b, Day 1 

KeyforHGPs#311, 313,315, 317, and 324 dosed 3/5/1996. Exposure duration -1 hr. 

Animal #311 

Site 

B 

D 

H 

5 uL of 10% HN in CHClj 

20 uL of neutralization solution 

5uLofl0%LinCHCl3 

20 uL of neutralization solution 

5 uL of 10% HD in CHC13 

20 uL of neutralization solution 

1 uL of neat HD 

20 uL of neutralization solution 

Treatment 

Animal #313 

Site Treatment 

A 5 uL of 10% HD in CHC13 

B 20 uL of neutralization solution 

C 5uLoflO%HNinCHCl3 

D 20 uL of neutralization solution 

E 5uLoflO%LinCHCl3 

F 20 uL of neutralization solution 

G 1 uL of neat HD 

H 20 uL of neutralization solution 
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E-9 

Animal #315 

Site 

B 

H 

Treatment 

5 uL oflO% HN in CHC13 

20 uL of neutralization solution 

5uLofl0%LinCHCl3 

20 uL of neutralization solution 

5 uL of 10% HD in CHC13 

20 uL of neutralization solution 

1 uL of neat HD 

20 uL of neutralization solution 

Animal #317 

Site Treatment 

A 5uLofl0%LinCHCl3 

B 20 uL of neutralization solution 

C 5uLoflO°/oHDinCHCl3 

D 20 uL of neutralization solution 

E 5uLofl0%HNinCHCl3 

F 20 ^iL of neutralization solution 

G luLofneatHD 

H 20 ^L of neutralization solution 
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E-10 

Animal # 324 

Site 

B 

H 

5 uL of 10% HD in CHC13 

20 uL of neutralization solution 

5 uL of 10% HN in CHCI3 

20 uL of neutralization solution 

5uLofl0%LinCHCl3 

20 uL of neutralization solution 

1 uL of neat HD 

20 uL of neutralization solution 

Treatment 
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E-ll 

Animal #311 Site A B C D E F G H 

Histopathology Markers: 

Microblister 3 0 3 0 2 0 3 0 

Epidermal Necrosis 4 0 4 0 4 0 4 0 

Follicular Necrosis 2 0 4 0 4 0 4 0 

Dermal Necrosis 0 0 0 0 0 0 0* 0 

Vascular Necrosis 0 0 0 0 0 0 0 0 

Hemorrhage 2 0 3 0 0 0 1 0 

Pustular Epidermitis 2 0 0 0 1 0 0 0 

Note: *moderate deep 
dermal 
edema 

_ 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

mod 
derm 
infla 
m 

Animal #313 Site A B c D E F G H 

Histopathology Markers: 

Microblister 3 0 4 0 4 0 2 0 

Epidermal Necrosis 4 0 4 0 4 0 4 0 

Follicular Necrosis 4 0 4 0 3 0 4 0 

Dermal Necrosis 0 0 1 0 0 0 0* 0 

Vascular Necrosis 0 0 0 0 0 0 0 0 

Hemorrhage 0 0 0 0 1 0 0 0 

Pustular Epidermitis 0 0 0 0 0 0 0 0 

Note: ""moderate deep 
dermal edema 

mild 
derm 
inflam 

mod 
dermal 
inflam 

min 
dermal 
inflam 

mod 
dermal 
inflam 

mild 
dermal 
inflam 
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E-12 

Animal #315 Site A B C D E F G H 

Histopathology Markers: 

Microblister 2 0 4 0 3 0 2 0 

Epidermal Necrosis 3 0 4 0 4 0 4 0 

Follicular Necrosis 2 0 4 0 4 0 4 0 

Dermal Necrosis 0 0 1 0 1 0 0* 0 

Vascular Necrosis 0 0 0 0 0 0 0 0 

Hemorrhage 0 0 1 0 2 0 0 0 

Pustular Epidermitis 1 0 0 0 0 0 0 0 

Note: *moderal dermal 
edema 

mod 
dermal 
inflam 

marke 
d 

dermal 
inflam 

mod 
dermal 
inflam 

mild 
dermal 
inflam 

Animal #317 Site A B C D E F G H 

Histopathology Markers: 

Microblister 2 0 2 0 3 0 2 0 

Epidermal Necrosis 4 0 4 0 4 0 4 0 

Follicular Necrosis 4 0 4 0 3 0 4 0 

Dermal Necrosis 0* 0 2** 0 0 0 0* 0 

Vascular Necrosis 0 0 0 0 0 0 0 0 

Hemorrhage 2 0 1 0 0 0 0 0 

Pustular Epidermitis 0 0 0 0 2 0 0 0 

Notes: *mild dermal 
edema 
**focal ulceration(s) 

mild 
dermal 
inflam 

min 
dermal 
inflam 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

mild 
dermal 
inflam 
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E-13 

Animal # 324 Site A B C D E F G H 

Histopathology Markers: 

Microblister 4 0 4 0 4 0 3 0 

Epidermal Necrosis 4 0 4 0 4 0 4 0 

Follicular Necrosis 4 0 2 0 4 0 4 0 

Dermal Necrosis 1 0 0 0 0 0 0 0 

Vascular Necrosis 0 0 0 0 0 0 0 0 

Hemorrhage 0 0 0 0 1 0 0 0 

Pustular Epidermitis 0 0 1 0 0 0 0 0 

Notes: mod 
dermal 
inflam 

min 
dermal 
inflam 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

min 
dermal 
inflam 

Note: Normal (unaffected) ski n present laterally on all sections where lesions were observed. 

Histopathological Markers 
Degree of Severity Grading Scale 
DVM 

0 = Normal; 1 = Minimal; 2 = Intermediate; 3 = Moderate; 4 = Severe 

3/7/96 
Allen W. Singer, 
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E-14 

Task 95-38, Phase 3, Day 1 

Key for HGPs #310, 491, 493, and 498 dosed 3/13/1996. Exposure duration -1 hr. 

Animal #310 

Site 

B 

D 

H 

5 uL ofl0% HD in CHC13 

25 uL of Red waste stream 

5uLofl0%HNinCHCl3 

25 uL of Blue waste stream 

5uLofl0%LinCHCl3 

25 uL of Charcoal waste stream 

1 uL of neat HD 

Treatment 

Animal # 491 

Site 

B 

D 

H 

5uLofl0%LinCHCl3 

Treatment 

25 uL of Charcoal waste stream 

5 uLoflO%HDinCHCl3 

25 uL of Red waste stream 

5uLofl0%HNinCHCl3 

25 ^L of Blue waste stream 

1 uL of neat HD 
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E-15 

Animal # 493 

Site Treatment 

A 5uLoflO°/oHDinCHCl3 

B 25 uL of Red waste stream 

C 5uLoflO%HNinCHCl3 

D 25 uL of Blue waste stream 

E 5uLoflO%LinCHCl3 

F 25 uL of Charcoal waste stream 

G 1 uL of neat HD 

H 

Animal # 498 

Site Treatment 

A 5uLoflO%HNinCHCl3 

B 25 \JL of Blue waste stream 

C 5uLoflO%LinCHCl3 

D 25 uL of Charcoal waste stream 

E 5uLoflO%HDinCHCl3 

F 25 pL of Red waste stream 

G 1 uL of neat HD 

H 
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E-16 

Animal #310 Site A B C D E F G 

Histopathology Markers: 

Microblister 2 0 4 2 1 0 1 

Epidermal Necrosis 4 1 4 4 4* 2 4* 

Follicular Necrosis 4 0 4 1 4 0 4 

Dermal Necrosis 0 0 1 0 3 0 3** 

Vascular Necrosis 0 0 0 0 0 0 0 

Hemorrhage 0 0 0 0 0 0 1 

Pustular Epidermitis 0 1 0 1 0 1 0 

Notes: *marked 
ulceration 
♦♦moderate dermal 
edema 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

mild 
dermal 
inflam 

mod 
dermal 
inflam 

Animal # 491 Site A B C D E F G 

Histopathology Markers: 

Microblister 4 0 1 0 4 3 2 

Epidermal Necrosis 4* 1 4** 0 4 4 4 

Follicular Necrosis 4 0 4 0 3 0 4 

Dermal Necrosis 3 0 3 0 0 0 0 

Vascular Necrosis 0 0 0 0 0 0 0 

Hemorrhage 2 0 0 0 0 0 0 

Pustular Epidermitis 0 0 0 0 0 0 0 

Notes: *mild ulceration 
**marked ulceration 

mod 
dermal 
inflam 

min 
dermal 
inflam 

mod 
dermal 
inflam 

min 
dermal 
inflam 

mod 
dermal 
inflam 

min 
dermal 
inflam 

mod 
dermal 
inflam 
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E-17 

Animal # 493 Site A B C D E F G 

Histopathology Markers: 

Microblister 1* 0 4 4 2 0 2* 

Epidermal Necrosis 4** 0 4 4 4** 1 4** 

Follicular Necrosis 4 0 3 0 4 0 4 

Dermal Necrosis 3 0 0 0 3 0 3 

Vascular Necrosis 0 0 0 0 0 0 0 

Hemorrhage 0 0 0 0 1 0 0 

Pustular Epidermitis 0 1 0 0 0 0 0 

Notes: *at edge of ulcer 
**marked ulceration 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

Animal # 498 Site A B C D E F G 

Histopathology Markers: 

Microblister 2* 3 3 0 3 0 1 

Epidermal Necrosis 4** 4*** 4*** 0 4** 0 4*** 

Follicular Necrosis 4 0 4 0 4 0 4 

Dermal Necrosis 3 1 2 0 3 0 2 

Vascular Necrosis 0 0 0 0 0 0 0 

Hemorrhage 0 0 1 0 0 0 0 

Pustular Epidermitis 1 0 0 1 1 0 0 

Notes: *at edge of ulcer 
**marked ulceration 
***minimal ulceration 

mod 
dermal 
inflam 

mild 
dermal 
inflam 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

mild 
dermal 
inflam 

mild 
dermal 
inflam 

State: Some normal (unaffc ;cted) ski n present at one or both end: 5 of each »ection w lere lesions 

were present. 

Histopathological Markers: Degree of Severity Grading Scale 3/18/96 
0 = Normal; 1 = Minimal; 2 = Intermediate; 3 = Moderate; 4 = Severe      Allen W. Singer, DVM 
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E-18 

Task 95-38, Phase 3, Day 2 

Key for HGPs #494, 496, 497, and 499 dosed 3/21/1996. Exposure duration -1 hr. 

Animal # 494 

Site 

B 

D 

H 

5uLoflO%LinCHCl3 

25 uL of Charcoal waste stream 

5 uL of 10% HP in CHC13 

25 uL of Red waste stream 

5 uL of 10% HN in CHC13 

25 uL of Blue waste stream 

1 uL of neat HD 

Treatment 

Animal # 496 

Site 

B 

D 

H 

5 uL of 10% HD in CHC13 

25 uL of Red waste stream 

5uLoflO%HNinCHCl3 

25 uL of Blue waste stream 

5uLofl0%LinCHCl3 

25 \iL of Charcoal waste stream 

1 uL of neat HD 

Treatment 
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E-19 

Animal # 497 

Site Treatment 

A 5uLoflO%HNinCHCl3 

B 25 uL of Blue waste stream 

C 5uLoflO°/oLinCHCl3 

D 25 uL of Charcoal waste stream 

E 5 uL of 10% HD in CHC13 

F 25 uL of Red waste stream 

G 1 uL of neat HD 

H 

Animal # 499 

Site Treatment 

A 5uLoflO%HNinCHCl3 

B 25 uL of Blue waste stream 

C 5uLoflO%LinCHCl3 

D 25 uL of Charcoal waste stream 

E 5uLoflO%HDinCHCl3 

F 25 uL of Red waste stream 

G 1 uL of neat HD 

H 
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E-20 

Animal #   494 Site A B c D E F G 

Histopathology Markers: 

Microblister 4 0 1 0 3 2 3 

Epidermal Necrosis 4 0 4** 0 4 2 4*** 

Follicular Necrosis 4 0 4 0 4 0 4 

Dermal Necrosis 0* 0 3 0 0 0 2 

Vascular Necrosis 0 0 ' 0 0 0 0 0 

Hemorrhage 3 0 0 0 0 0 0 

Pustular Epidermitis 0 0 1 0 1 0 0 

Animal # 496 Site A B C D E F G 

Histopathology Markers: 

Microblister 0 0 0 4 1 0 2 

Epidermal Necrosis 4* 0 4* 3 4* 1 4* 

Follicular Necrosis 4 0 4 0 4 0 4 

Dermal Necrosis 3 0 3 0 4 0 2** 

Vascular Necrosis 0 0 0 •    0 0 0 0 

Hemorrhage 0 0 0 0 0 0 0 

Pustular Epidermitis 0 0 0 0 0 0 0 

Notes: ""marked ulcer 
precludes potential 
blister 
**mild dermal edema 

mod 
dermal 
inflam 

min 
dermal 
inflam 

mod 
dermal 
inflam 

mild 
dermal 
inflam 

mod 
dermal 
inflam 

min 
dermal 
inflam 

mod 
dermal 
inflam 
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E-21 

Animal*   497 Site A B C D E F G 

Histopathology Markers: 

Microblister 1 2 4 0 2 0 2 

Epidermal Necrosis 4* 4 4 1*** 4* 0 4* 

Follicular Necrosis 4 0 4 0 4 0 4 

Dermal Necrosis 3 0 0** 0 2 0 2** 

Vascular Necrosis 0 0 0 0 0 0 0 

Hemorrhage 0 0 0 0 0 0 0 

Pustular Epidermitis 0 0 0 0 0 0 0 

Notes: *marked ulceration 
**moderate dermal edema 
***mild epithelial cell edema 

mod 
dermal 
inflam 

mild 
dermal 
inflam 

mod 
dermal 
inflam 

min 
dermal 
inflam 

mod 
dermal 
inflam 

mild 
dermal 
inflam 

mod 
dermal 
inflam 

Animal #499 Site A B C D E F G 

Histopathology Markers: 

Microblister 4 2 3 0 4 0 3 

Epidermal Necrosis 4 3 4 2 4 0 4 

Follicular Necrosis 4 0 4 0 4 0 4 

Dermal Necrosis 0 0 2* 0 2 0 1* 

Vascular Necrosis 0 0 0 0 0 0 0 

Hemorrhage 0 0 1 Ü 0 0 0 

Pustular Epidermitis 1 0 0 0 1 0 0 

Note: *mild dermal edema mod 
dermal 
inflam 

mild 
dermal 
inflam 

mod 
dermal 
inflam 

min 
dermal 
inflam 

mod 
dermal 
inflam 

min 
dermal 
inflam 

mild 
dermal 
inflam 

Note: Some normal (unaffected) skin present at one or both ends of each section where lesions 
were present. 

Histopathological Markers: Degree of Severity Grading Scale 
0 = Normal; 1 = Minimal; 2 = Intermediate; 3 = Moderate; 4 = Severe 
DVM 

'   3/25/96 
Allen W. Singer, 
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E-22 

Task 95-38, Phase 3, Day 3 

"Fresh" Blue and Red waste streams received 6/19/1996 

Key for HGPs #339, 341, 342, and 346 dosed 6/20/1996. Exposure duration - 1 hr. 

Animal # 339 

Site 

B 

D 

H 

5 fiL of 10% HN in CHC13 

25 fiL of Red waste stream 

5 fiL of 10% L in CHC13 

25 fiL of Blue waste stream 

5 nL of 10% HD in CHC13 

25 fiL of Red waste stream 

1 fiL of neat HD 

25 fiL of Blue waste stream 

Treatment 

Animal #341 

Site Treatment 

A 5 /tL of 10% HD in CHC13 

B 25 fiL of Blue waste stream 

C 5 /xL of 10% HN in CHC13 

D 25 fiL of Red waste stream 

E 5 nL of 10% L in CHC13 

F 25 fiL of Blue waste stream 

G 1 fiL of neat HD 

H 25 fiL of Red waste stream 
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E-23 

Animal # 342 

Site Treatment 

A 5 A*L of 10% L in CHC13 

B 25 pL of Blue waste stream 

C 5 pL of 10% HD in CHC13 

D 25 /xL of Red waste stream 

E 5 jiL of 10% HN in CHC13 

F 25 pL of Blue waste stream 

G 1 nL of neat HD 

H 25 pL of Red waste stream 

Animal # 346 

Site Treatment 

A 5 fiL of 10% L in CHC13 

B 25 pL of Red waste stream 

C 5 fiL of 10% HD in CHC13 

D 25 AtL of Blue waste stream 

E 5/iLof 10%HNinCHCl3 

F 25 fiL of Red waste stream 

G 1 nL of neat HD 

H 25 pL of Blue waste stream 
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E-24 

Animal # 339 Site A B C D E F G H 

HistöDathology Markers:                                                                                                 , .—  

Microblister 3 0 4 3 3 0 2 2 

Epidermal Necrosis 4 0 4 4 4** 0 4 2 

Follicular Necrosis 4 0 4 0 4 0 4 0 

Dermal Necrosis 0 0 2» 0 2 0 0* 0 

Vascular Necrosis 0 0 0 0 0 0 0 0 

Hemorrhage 0 0 0 0 0 0 0 0 

Pustular Epidermitis 1 0 1 1 1 0 0 0 

Notes: »moderate dermal 
edema 
»»focal ulceration(s) 

mod 
dermal 
inflam 

min 
dermal 
inflam 

mod 
dermal 
inflam 

mild 
dermal 
inflam 

mod 
dermal 
inflam 

min 
dermal 
inflam 

mild 
dermal 
inflam 

min 
dermal 
inflam 

Animal #341 Site A B C D E F G H 

Histopathology Markers: 

Microblister 2 2 2 0 3 0 2 0 

Epidermal Necrosis 4* 4 4* 0 4* 4* 4* 0 

Follicular Necrosis 4 1 4 0 4 2 2 0 

Dermal Necrosis 3 1 2 0 3** 3 3** 0 

Vascular Necrosis 0 0 0 0 0 0 0 0 

Hemorrhage 1 0 0 0 1 0 1 0 

Pustular Epidermitis 0 0 0 0 0 0 0 0 

Notes: »focal ulceration(s); 
»»moderate dermal edema 

mild 
dermal 
inflam 

mild 
dermal 
inflam 

mild 
dermal 
inflam 

min 
dermal 
inflam 

mild 
dermal 
inflam 

mild 
dermal 
inflam 

mild 
dermal 
inflam 

min 
dermal 
inflam 
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Animal # 342 Site A B C D E F G 

Histopathology Markers: 

Microblister 3 1 3 0 4 3 3 

Epidermal Necrosis 4 4 4 0 4 4 4 

Follicular Necrosis 4 0 4 0 4 1 4 

Dermal Necrosis 0* 0 0* 0 0 0 0 

Vascular Necrosis 0 0 0 0 0 0 0 

Hemorrhage 0 0 0 0 0 0 0 

Pustular Epidermitis 0 0 1 0 0 0 0 

Notes: *mild to moderate 
dennal edema 

mild 
dermal 
inflam 

min 
dermal 
inflam 

mild 
dermal 
inflam 

min 
dermal 
inflam 

mod 
dermal 
inflam 

min 
dermal 
inflam 

mild 
dermal 
inflam 

Animal #346 Site A B C D E F G 

Histopathology Markers: 

Microblister 2 0 2 1 4 0 2 

Epidermal Necrosis 4 0 4 4 4 0 4 

Follicular Necrosis 4 0 4 1 4 0 4 

Dermal Necrosis 0* 0 0 0 2 0 0* 

Vascular Necrosis 0 0 0 0 0 0 0' 

Hemorrhage 0 0 0 0 0 0 0 

Pustular Epidermitis 0 0 0 0 0 0 0 

Notes: "moderate dermal 
edema; 
**most of surface epithelium 
artifactually stripped away 

mild 
dermal 
inflam 

min 
dermal 
inflam 

mod 
dermal 
inflam 

mild 
dermal 
inflam 

mild 
dermal 
inflam 

mild 
dermal 
inflam 

^ote: Normal (unaffected; ) skinp resented late rally on a 1 skin sect ons with 1 esions. 
Histopathological Markers 6/25/96 
Degree of Severity Grading Scale Allen W. Singer, DV} 
0 = Normal; 1 = Minimal; 2 = Intermediate; 3 = Moderate; 4 = Severe 
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"Frp^h" 'RIMP pnd T?p<i waste streams received 6H9/1996 



• 

E-26 

Key for HGPs #340, 345, 351, and 352 dosed 6/26/1996. Exposure duration - 1 hr. 

Animal # 340 

Site Treatment 

A 5/tL of 10% HD in CHC13 

B 25 /tL of Blue waste stream 

C 5 /tL of 10% HN in CHC13 

D 25 /tL of Red waste stream 

E 5 /tL of 10% L in CHC13 

F 25 /tL of Blue waste stream 

G 1/tLofneatHD 

H 25 uL of Red waste stream 

Animal #345 

Site Treatement 

A 5 /*L of 10% L in CHC13 

B 25 /tL of Red waste stream 

C 5 /tL of 10% HD in CHC13 

D 25 /tL of Blue waste stream 

E 5/tL of 10% HN in CHC13 

F 25 fiL of Red waste stream 

G 1 /tL of neat HD 

H 25/tL of Blue waste stream 
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Animal #351 

E-27 

Site Treatment 

A 5 fiL of 10% HN in CHC13 

B 25 fiL of Blue waste stream 

C 5 fiL of 10% L in CHC13 

D 25 fiL of Red waste stream 

E 5 fiL of 10% HD in CHC13 

F 25 fiL of Blue waste stream 

G 1/iLofneatHD 

H 25 fiL of Red waste stream 

Animal # 352 

Site Treatment 

A 5 fiL of 10% HD in CHC13 

B 25 fiL of Red waste stream 

C 5 fiL of 10% HN in CHC13 

D 25 fiL of Blue waste stream 

E 5 fiL of 10% L in CHC13 

F 25 fiL of Red waste stream 

G 1 fiL of neat HD 

H 25 fiL of Blue waste stream 
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E-28 

Animal # 340 Site A B C D E F G H 

Histopathology Markers:                                                                                                      ...  

Microblister 2* 3 3 0 3 3 0 0 

Epidermalal Necrosis 4** 4 4 0 4 4 4 1 

Follicular Necrosis 4 2 4 0 4 0 4 0 

Dermal   Necrosis 2 0 1 0 0*** 0 3*** 0 

Vascular Necrosis 0 0 0 0 0 0 0 0 

Hemorrhage 2 0 0 0 2 0 2 0 

Pustular Epidermitis 0 0 0 0 0 0 0 0 

Notes: *at edge of ulcer 
**mild ulceration 
***mild dermal   edema 

mod 
dermal 
inflam 

mild 
dermal 
inflam 

mod 
dermal 
inflam 

min 
dermal 
inflam 

mod 
dermal 
inflam 

min 
dermal 
inflam 

min 
dermal 
inflam 

min 
dermal 
inflam 

Animal #345 Site A B C D E F G H 

Histopathology Markers: 

Microblister 3* 0 .2 1 1 0 1 2 

Epidermal Necrosis 4«* 0 4 4 4** 0 4 4 

Follicular Necrosis 3 0 4 1 4 0 4 1 

Dermal    Necrosis 3 0 0 0 3 0 2*** 0 

Vascular Necrosis 0 0 0 0 0 0 0 0 

Hemorrhage 2 0 1 0 2 0 1 0 

Pustular Epidermitis 0 1 0 0 0 0 0 0 

Notes: *at one edge of 
ulcer 
**marked ulceration 
present 
***mild dermal   edema 

mod 
dermal 
inflam 

min 
dermal 
inflam 

mild 
dermal 
inflam 

mild 
dermal 
inflam 

mod 
dermal 
inflam 

mild 
dermal 
inflam 

mild 
dermal 
inflam 

mild 
dermal 
inflam 
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E-29 

Animal # 351 Site A B C D E F G H 

Histopathology Markers: 

Microblister 1 2 4 0 1* 2 1 0 

Epidermal.   Necrosis 4 4 4 0 4** 4 4 0 

Follicular Necrosis 4 1 3 0 4 1 4 0 

Dermal   Necrosis 0 0 0 0 3 0 3 0 

Vascular Necrosis 0 0 0 0 0 0 0 0 

Hemorrhage 0 0 1 0 1 0 1 0 

Pustular Epidermitis 0 0 0 0 0 0 0 0 

Notes: *at one edge of 
ulcer 
**marked ulceration 
present 

mild 
dermal 
inflam 

min 
dermal 
inflam 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

min 
dermal 
inflam 

mod 
dermal 
inflam 

min 
dermal 
inflam 

Animal #352 Site A B C D E F G H 

Histopathology Markers: -• 

Microblister 1* 0 2 1 3 0 2 2 

Epidermal   Necrosis 4»* 0 4** 4 4 0 4** 4 

Follicular Necrosis 4 0 3 0 4 0 4 1 

Dermal   Necrosis 2 0 1 0 Q«** 0 3 0 

Vascular Necrosis 0 0 0 0 0 0 0 0 

Hemorrhage 2 0 1 0 1 0 1 0 

Pustular Epidermitis 0 0 1 1 0 0 0 0 

Notes: *at edge of ulcer 
**moderate ulceration 
***mild dermal   edema 

mod 
dermal 
inflam 

min 
dermal 
inflam 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

mild 
derma 

1 
inflam | 

mod 
dermal 
inflam 

mild 
dermal 
inflam 

Note: Some normal (unaffected) skin present at one or both ends of each section where lesions were 
present. 

Histopathological Markers: Degree of Severity Grading Scale 
0 = Normal; 1 = Minimal; 2 = Intermediate; 3 = Moderate; 4 = Severe 
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7/1/96 
Allen W. Singer, DVM 

Blue and Red waste streams received 11/28/1995; Charcoal waste stream received 1/25/96. 



E-30 

Equal volumes of waste streams and 10% HD, HN and L solutions - 10 fiL 

Key for HGPs #383, 385, 389, and 400 dosed 8/13/1996. Exposure duration - 1 hr. 

Animal #383 

Site 

B 

10 fiL of 10% L in CHC13 

10 fiL of Blue waste stream 

10 yL of 10% HP in CHC13 

10 pL of Charcoal waste stream 

10 fiL of 10% HN in CHC13 

10 fiL of Red waste stream 

Animal # 385 

Site 

B 

D 

10 fiL of 10% HN in CHC13 

10 fiL of Red waste stream 

10 fiL of 10% L in CHC13 

10 fiL of Blue waste stream 

10 fiL of 10% HD in CHC13 

Treatment 

Treatment 

10 fiL of Charcoal waste stream 
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E-31 

Animal # 389 

Site Treatment 

A lO^Lof 10%HNinCHCl3 

B 10 fiL of Red waste stream 

C 10 fiL of 10% L in CHC13 

D 10 /xL of Blue waste stream 

E 10 fiL of 10% HD in CHC13 

F 10 fiL of Charcoal waste stream 

Animal # 400 

Site Treatment 

A 10/xLof 10%HDinCHCl3 

B 10 /xL of Charcoal waste stream 

C 10 fiL of 10% HN in CHC13 

D 10 fiL of Red waste stream 

E lO^Lof 10%LinCHCl3 

F 10 nL of Blue waste stream 
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E-32 

MREF Task 95-38 
G1555-38A 

Animal #383 Site A B C D E F 

Histopathology Markers: 

Microblister 
•* 
j 0 2 0 3 0 

Epidermal  Necrosis 4 0 4 0 4 0 

Follicular Necrosis 4 0 4 0 3 0 

Dennal   Necrosis 0* 0 0 0 0 0 

Vascular Necrosis 0 0 0 0 0 0 

Hemorrhage 2 0 1 0 0 0 

Pustular Epidermitis 0 1 0 0 1 0 

Notes: *moderate dennal 
edema 

mod 
dennal 
inflam 

mild 
dennal 
inflam 

min 
dermal 
inflam 

mod 
dennal 
inflam 

min 
dennal 
inflam 

Animal #385 Site A B C D E F 

Histopathology Markers: 

Microblister 4 0 4 1 3 0 

Epidermal .Necrosis 4 0 4 ■ !•* 4 0 

Follicular Necrosis 4 0 4 0 4 0 

Dennal   Necrosis 1 0 0* 0 0* 0 

Vascular Necrosis 0 0 0 0 0 0 

Hemorrhage 0 0 2 0 0 0 

Pustular Epidermitis 1 0 0 0 0 0 

Notes: *mod dermal   edema 
**vacuolar degeneration of 
epith cells leading to intra- and 
subepithelial microblister 

i i
g

 

min 
dermal 
inflam 

mod 
dennal 
inflam 

mild 
dermal 
inflam 

min 
dermal 
inflam 

^ote: Some normal (unaf Eected) skin preser it at one or both ends of eachs ection whe re lesions v 

Histopathological Markers: Degree of Severity Grading Scale 
0 = Normal; 1 = Minimal; 2 = Intermediate; 3 - Moderate; 4 = Severe 

8/19/96 
Allen W. Singer, DVM 
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MEEF Task 95-38 
6l555-38a 

Animal #389 Site A B C D E F 

Histopathology Märkers: 

Microblister 3 0 2 2 2 0 

Epidermal   Necrosis 4 0 4 2 4 1 

Follicular Necrosis 2 0 4 1 4 0 

Dennalal Necrosis 0 0 0* 0 0* 0 

Vascular Necrosis 0 0 0 0 0 0 

Hemorrhage 1 0 3 0 2 0 

Pustular Epidermitis 1 0 0 0 0 1 

Notes: *severe dermalal edema mod 
dermal 
inflam 

mild 
dermal 
inflam 

mild 
dennal 
inflam 

mild 
dermal 
inflam 

mild 
dermal 
inflam 

mild 
dermal 
inflam 

Animal # 400 Site A 8 C D E F 

Histopathology Markers: 

Microblister 3 0 4 0 3 3 

Epidermal   Necrosis 4 0 4 0 4 2 

Follicular Necrosis 4 0 2 0 4 1 

Dermal. Necrosis 0» 0 0* 0 0"* 0 

Vascular Necrosis     .  . 0 0 0 0 1 0 

Hemorrhage 0 0 1 0 3 1 

Pustular Epidermitis 1 0 1 0 0 0 

Notes: *mild dermal   edema 
•'severe dennal   edema 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

min 
dermal 
inflam 

mod 
dermal 
inflam 

mud 
dermal 
inflam 

N'ote: Some normal (unaff ected)« kin presen t at one o r both end« ; of each si :ction whei ■e lesions v 

Histopathological Markers: Degree of Severity Grading Scale 
0 = Normal; 1 = Minimal; 2 = Intermediate; 3 = Moderate; 4 - Severe 

8/19/96 
Allen W. Singer, DVM 
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E-34 

Task 95-38, Phase 3, Day 6 

"Fresh" Charcoal waste stream received 8/29/96. 

25 uL of freshly prepared Charcoal waste stream and 5 uL of 10% HD, HN and L solutions 

Key for HGPs #379, 380, 387, and 388 dosed 8/29/1996. Exposure duration - 1 hr. 

Animal # 379 

Site 

B 

Treatment 

5fiLofl0%LinCHCl3 

25 uL of Charcoal waste stream 

5 \H of 10% HD in CHC13 

25 uL of Charcoal waste stream 

5nLofl0%HNinCHCl3 

25 uL of Charcoal waste stream 

Animal # 380 

Site Treatment 

A 5uLofl0%HNinCHCl3 

B 25 uL of Charcoal waste stream 

C 5nLofl0%LinCHCl3 

D 25 uL of Charcoal waste stream 

E 5uLofl0%HDinCHCl3 

F 25 uL of Charcoal waste stream 
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Animal #387 

Site Treatment 

B 

D 

5 nL of 10% HD in CHC13 

25 \iL of Charcoal waste stream 

5^LoflO%HNinCHCl3 

25 jiL of Charcoal waste stream 

5nLoflO%LinCHCl3 

25 \iL of Charcoal waste stream 

Animal #388 

Site Treatment 

A 5nLoflO%LinCHCl3 

B 25 nL of Charcoal waste stream 

C 5 nL of 10°/o HD in CHC13 

D 25 jiL of Charcoal waste stream 

E 5>iLofl0%HNinCHCl3 

F 25 jiL of Charcoal waste stream 
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MREF Task 95-38 
G1555-38A 

Animal # 379 Site A B c D E F 

Histopathology Markers: 

Microblister 4 0 2 0 3 0 

Epidermal- Necrosis 4 1** 4 1** 4 1** 

Follicular Necrosis 4 1** 4 1** 4 1** 

Dermalal Necrosis 0 0 0* 0 0 0 

Vascular Necrosis 0 0 0 0 0 0 

Hemorrhage 2 0 2 0 1 0 

Pustular Epidermitis 0 0 0 0 0 0 

Notes: ^moderate dermal 
edema; **random single-cell 
necrosis noted 

mod 
dermal 
inflam 

min 

dermal 
inflam 

mild 
dermal 
inflam 

min 

dermal 
inflam 

mod 
dermal 
inflam 

min 
dermal 
inflam 

Animal # 380 Site A "  B" C D E F 

Histopathology Markers: 

Microblister 4 0 4 0 3 0 

Epidermal   Necrosis 4 1* 4 "1* 4 0 

Follicular Necrosis A 1* 4 1* 4 1* 

Dermal; .Necrosis 1 0 2** 0 3** 0 

Vascular Necrosis 0 0 0 0 0 0 

Hemorrhage 0 0 1 0 0 0 

Pustular Epidermitis 0 0 0 0 0 0 

Notes: *random single cell 
necrosis 
**mod derma!   edema; focal 
ulcer in area of necrosis 

mod 
dennal 
inflam 

min 
dermal 
inflam 

mod 
dermal 
inflam 

min 
dermal 
inflam 

mod 
dermal 
inflam 

min 
dermal 
inflam 

^ote: Some normal (unai Tccted) skin prese nt at one o r both end. 5 of each s< :ction whe re lesions v 
Histopathological Markers: Degree of Severity Grading Scale 9/9/96 
0 = Normal; 1 = Minimal; 2 = Intermediate; 3 = Moderate; 4 = Severe      Allen W. Singer, DVM 

Appendix  B 127 



E-37 

Animal # 387 Site A B C D E F 

Histopathology Markers: 

Microblister 3 0 2 0 4 0 

Epidermal.  Necrosis 4 2** 4 2** 4 j** 

Follicular Necrosis 4 2** 3 2** 4 2** 

Dermal   Necrosis 0 0 0 0 0* 0 

Vascular Necrosis 0 0 0 0 0 0 

Hemorrhage 0 0 0 0 2 0 

Pustular Epidermitis 0 0 0 0 0 1 

Notes: ""moderate dermal, 
edema; """random single-cell 

1 necrosis noted 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

mod 
dermal 
inflam 

Animal #388 Site A B C D E F 

Histopathology Markers: 

Microblister 4 0 4 0 3 0 

Epidermal'   Necrosis 4 1* 4 1* 4 1* 

Follicular Necrosis 4 1* 4 1* 2 1* 

Dermal,   Necrosis 0** 0 0** 0 0 0 

Vascular Necrosis 0 0 0 0 0 0 

Hemorrhage 3 0 1 0 0 0 

Pustular Epidermitis 0 0 0 0 1 0 

Notes: *random single cell 
necrosis 
**mod dermal-   edema 

mild 
dermal 
inflam 

min 
dermal 
inflam 

mild 
dermal 
inflam 

mild 
dermal 
inflam 

mod 
dermal 
inflam 

min 
dermal 
inflam 

Note: Some normal (uns ffected ) skin pres ent at one or both en ds of each section w lere lesion 
present. 

Histopathological Markers: Degree of Severity Grading Scale 9/9/96 
0 = Normal; 1 = Minimal; 2 = Intermediate; 3 = Moderate; 4 = Severe        Allen W. Singer, DVM 
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